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THE CRAFTS OF ROMAN BRITAIN 
Introduc t i o n 
I t i s known that s e v e r a l reasons e x i s t e d f o r the 
i n v a s i o n of A.D. h j . Apart from the idea of inaugurating 
h i s r e i g n with a m i l i t a r y success which would c o n s o l i d a t e 
the northern f r o n t i e r of the Empire,.the c o n s i d e r a t i o n 
uppermost i n h i s mind, (1) the Emperor Claudius must have 
decided that the po s s e s s i o n of B r i t a i n would be advantageous 
to the economy.(2) His a d v i s e r s would know something of the 
trade c a r r i e d on between B r i t a i n and the continent, and of 
course, Caesar's record of the i s l a n d and i t s i n h a b i t a n t s 
could be quoted to support the accounts of e a r l i e r w r i t e r s . 
Diodorus S i c u l u s , w r i t i n g about k% B.C., mentions the Cornish 
t i n mines and the t i n trade with Gaul.(3) The observations 
of the geographer Strabo, w r i t i n g i n the second or t h i r d 
decade of the f i r s t century, show that metalworking was of 
r e a l importance i n the c h i e f l y a g r i c u l t u r a l economy. (**•) 
"Exports comprised corn c a t t l e , gold, s i l v e r , i r o n ... and 
a l s o h i d e s , s l a v e s , and very good hounds."' He a l s o pointed 
out that the t r i b u t e that the Romans would ga i n from annexation 
would have to be s e t o f f a g a i n s t the c o s t of maintaining a 
g a r r i s o n plus the l o s s of customs dues on trade between 
B r i t a i n and Gaul. 
Nevertheless, the opportunity of e x p l o i t i n g the min e r a l 
dep o s i t s , p o s s i b l y q u i t e r i c h , must have appealed to Claudius, 
and T a c i t u s ' d e s c r i p t i o n of B r i t a i n a t the time of the con^ 
quest emphasises the value of the metals: " B r i t a i n produces 
gold and s i l v e r and other metals; conquest i s worth w h i l e . "(5) 
Once occupied, B r i t a i n would no doubt become w e a l t h i e r as 
trade i n c r e a s e d , and t h i s , i n f a c t , did happen. Strabo says 
that j e w e l l e r y and glassware, among other manufactured 
a r t i c l e s , were imported, and we f i n d that not only d i d these 
i n c r e a s e , but a demand grew f o r the p o t t e r y and metal goods 
of Gaul, works of a r t , wine and o i l . 
At the time of the conquest we are able to form a p i c t u r e 
of an a g r i c u l t u r a l population occupying mainly the southern, 
or lowland, h a l f of B r i t a i n and l i v i n g away from the h e a v i l y 
(1) C.A.H., X, 797, 676. 
(2) C.A.H., X I , 516. 
(3) H.C. Darby, " H i s t o r i c a l Geography of England before 
1800", page 27. 
(k) Strabo IV, 199, from C.A.H., X, ho6, 
(5) T a c i t u s , A g r i c o l a , 191 (Loeb). 
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f o r e s t e d r e g i o n s . The number of i n h a b i t a n t s has been 
estimated a t between a m i l l i o n and a m i l l i o n and a h a l f . 
They were not p u r e l y B r i t i s h ; t h e i r c i v i l i s a t i o n was 
c o n t i n e n t a l r a t h e r than i n s u l a r i n o r i g i n , and due to i t s 
descent from t h a t of the C e l t i c r a c e s i t has been c a l l e d 
l a t e C e l t i c . The p r i m i t i v e abundance of gold and t i n i n the 
i s l a n d had f o s t e r e d an e x c e p t i o n a l e x c e l l e n c e i n metalwork, 
and the supreme achievement of the n a t i v e craftsman was h i s 
b e a u t i f u l l y enamelled metal ware, the o b j e c t s ranging from 
j e w e l l e r y to a r t i c l e s of everyday use. The conquest caused 
the d e c l i n e of n a t i v e a r t , Roman i n f l u e n c e p r e v a i l e d , and 
i n surveying the c r a f t s of Roman B r i t a i n we are i n the main 
reviewing the c r a f t s of the Roman Empire. 
At f i r s t . s i g h t the t a s k would seem to be a d i f f i c u l t 
one. I n B r i t a i n we have no Herculaneum or Pompeii, nor-
apart from a few which d e p i c t f u r n i t u r e - have we the 
s e p u l c h r a l s c u l p t u r e s i l l u s t r a t i n g the d a i l y l i f e and c r a f t s 
of the people which are found on the Continent. N e v e r t h e l e s s , 
below our s o i l there i s a mass of evidence which the devoted 
work of a r c h a e o l o g i s t s i s s t e a d i l y uncovering, and i n the 
l i t e r a t u r e of Romano-British archaeology there i s now a . 
wealth of information which, i f c o l l a t e d , would enable 
p r a c t i c a l l y every s e c t i o n of t h i s t h e s i s to be expanded 
i n t o a d i s s e r t a t i o n i n i t s own r i g h t . A l l t h a t we can 
attempt, w i t h i n the l i m i t s of the present account, i s a 
glance a t each of the c r a f t s of Roman B r i t a i n , t r y i n g as 
f a r as p o s s i b l e to achieve a balanced survey. We have a l s o 
to bear i n mind the f a c t t h at such a survey can i l l u m i n e 
but one aspect of a c o n t i n u a l l y changing p i c t u r e . Only one 
Romano-British town, S i l c h e s t e r , has been a t a l l completely 
excavated, and as t h i s was done i n the e a r l y p a r t of the 
present century the f i n d s were not as w e l l i d e n t i f i e d as they 
would be today. Nineteenth century excavation has been 
desc r i b e d as a " t r a i l of evidence destroyed and questions 
unanswered (and now o f t e n unanswerable)",.but to some extent 
t h i s i s h i n d s i g h t ; the e a r l y excavators lacked the experience 
and the knowledge which has s i n c e been a c q u i r e d . Fox and 
Hope, f o r example, excavating a t S i l c h e s t e r came ac r o s s what 
would now a t once be recognised as a T-shaped c o m dryer, but 
to them i t was simply the s i t e f o r "a long b o i l e r or v a t f o r 
dye ing s t u f f s " . C D The famous Chedworth f u l l e r y i s now 
b e l i e v e d to be part of a bath s u i t e ; and, as we d i s c u s s 
( l ) Arch., 1905, LIX, 335. 
)MA 
0 
lnchtuth.il 
15. Little Woodbury 
16. Iwerni; 
17. Lockleys 
18. CitflvHti 
19. Ditchley 
20. New Fishbournc 
21. Li.jll.ng-,tone 
22. Eait Coke 
23. Withinfitof 
24. I I 
25. Somerdalc 
26. Uanymynech 
17. Maiden Castla 
28. Lydn«/ 
29. Horkitow 
L V G W A L I V M (C 
I. PETRIANA (S 
3. BANNA (Carvoran) 
4. AESICA (Greatchesters) 
5. V INDOLANDA 
[Cficstcrholm) 
6. Houseitead 
7. B R O C O U T I A (Carrawburj 
• L V R N V M (ChesterO 
9. CORSTOPTIVM (Corbrldfie) 
10. C O N D E R C V M (Benwell) 
I. ARBElA (South Shields.) 
12. liiUnBMtt Major 
13. Woodcheitcr 
4. Chcdworch 
Carpow 
Woden 
L a w . « 
B R E M E N I V M 
(High Rochester] 
B L A T O B V L G I V M 
L O N G O V I C I V M (Lanchester; 
Cas t l e ' x * Old Durham V V I N O V I A V E R T E R A E 0 (Bmchester) —(Brough) - W w T ^ 
ISVRIVI" 
(Aldborough] 
E B V R A C V I " 
(York) 
B R E M E T E N , \ r J, 
N A C V I * 
(Ribchester) 
A L A V N A Q L E N A C V M 
awchorr 
Flamborough Heac 
D E R V E N T I C 
(Malton) 
PARJSI V 
P E T V A R I A (Brough on Humber] 
L I N D V M (Lincoln) 
N A V I O 
O 
D E V A (Brough on Noe] 
(Chester) 
L E G X X 
M O N A INS 
(Anglesey) 
S RATAE 
• 2 i 
V R I C O N I V M 
(Wroxeter ) 
Great Cascerton 
cester) 
C A M V L O D V N V M 
(Colchester^ 
DOSvj( , 
17. Dolaucocfi 
^ c t ^ <—*W 
A R I C O N I V M ( T V ,-, 
(Weston u n d e r O . G L E V V H J 
Penyard) f f ^ G l o u c e s t 
'HORINIVH 
T R I N O V A N T E S 
i r e n c e s t e r W r / E R V L A M I V M 
Dorchester ^ ( S t . Albans] 
L O N D ! N I V M \ l / . 
/ names 
(Neath) O (Caerleon; 
^ ! _ < ' X L E G 11 . V E N T A 
^ ^ - ' ( C a e r w e n t ) 
(London] 
CALLEVA(S i l ches t er ] 
D V R O V E R N V M 
(Canterbury) 
A Q U A E SVLIS 
(Bath] 
A T E 
V E N T A / 
(Winchester) [ 
K E G N E N S E S 
C L A V S E N T V M . C 
» g (Bitterne 
N O V I O M A G V S 
^(Chiches ter ) 
n g I i s 
Plymouth Hoe 
F i g . i 
i . 
3 
l a t e r i n the present account, the v e r d i c t on the a l l e g e d 
S i l c h e s t e r dyeworks must be "Not proven". Even so eminent 
a m e t a l l u r g i s t as Gowland f e l l i n t o the t r a p of assuming 
what he might e a s i l y have enlightened by a c t u a l experiment, 
when he c o n f i d e n t l y a s s e r t e d that the layered appearance of 
Roman pigs of lead "can only have been produced by pouring 
the lead i n t o the mould i n s u c c e s s i v e portions with a 
s u f f i c i e n t i n t e r v a l of time between each to allow of one 
s o l i d i f y i n g before the next was added " . ( 1 ) I t was l e f t to 
the b r i l l i a n t Whittick-Smythe experiments, some f o r t y y e a r s 
l a t e r , to prove that the Romans did not l a d l e the lead from 
t h e i r furnaces i n t h i s manner. We have t h e r e f o r e , t o beware 
even today of t a k i n g any statement .or. any evidence as being 
f i n a l . Verulamium and Wroxeter are s t i l l under i n v e s t i g a t i o n , 
and other s i t e s await proper excayation. I t may w e l l be t h a t , 
w ith the h e l p of modern i n s t r u m e n t a l a i d s to d i s c o v e r y and 
more c e r t a i n means of examination and p r e s e r v a t i o n , our 
knowledge of Roman B r i t a i n w i l l be g r e a t l y enriched and 
strengthened i n the years to come. 
The evidence i n the present survey i s assembled under 
two main headings, " I n d u s t r i a l C r a f t s " and "Domestic C r a f t s " ; 
the former i s intended to d e a l w i t h c r a f t s which were c a r r i e d 
out e i t h e r on a l a r g e or on a widespread s c a l e and served 
the needs of the community as a whole, w h i l s t the l a t t e r i s 
confined to more or l e s s l o c a l a c t i v i t i e s , but i t was 
r e a l i s e d t h at i t would be impossible to draw a hard and f a s t 
d i s t i n c t i o n between the two, and i n f a c t , some overlapping 
does occur. I t was convenient, f o r i n s t a n c e , to d e s c r i b e 
metalworking under "Domestic C r a f t s " , although the a c t u a l 
production of metals i s t r e a t e d under " I n d u s t r i a l C r a f t s " . 
For ease of r e f e r e n c e , the i n d i v i d u a l c r a f t s - a r e grouped i n 
a l p h a b e t i c a l order under the two p r i n c i p a l headings; thus 
under " I n d u s t r i a l C r a f t s " B u i l d i n g C o n s t r u c t i o n precedes 
C i v i l E ngineering. Most of the p l a c e s mentioned w i l l be 
found on the map opposite.(2) 
( l j Arch., 1901, LVTI, 398. 
(2) Reproduced from A. B i r l e y , " L i f e i n Roman B r i t a i n " , 
(London, 196k). 
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BUILDING CONSTRUCTION 
E v o l u t i o n of houses 
A d i s t i n g u i s h i n g f e a t u r e of the Roman occupation was 
the i n t r o d u c t i o n and growth of planned urban communities. 
J u l i u s Caesar during h i s two i n v a s i o n s of B r i t a i n n o t i c e d 
the absence of towns, and remarked that the n e a r e s t approach 
to a town was "an area of woodland f o r t i f i e d by ramparts and 
d i t c h e s . " T y p i c a l of these r e s e r v a t i o n s were Maiden CastLe. 
on a h i l l top, and Wheathampstead ( H e r t f o r d s h i r e ) which was a 
l a r g e a r e a of f l a t ground protected by marshes and f o r e s t . 
These s i t e s were simply p l a c e s of refuge i n times of trouble, 
r a t h e r than permanently-inhabited l o c a l i t i e s . When not 
threatened by an enemy the C e l t s appear to have l i v e d i n 
wooden shacks which were not grouped i n any way resembling a 
planned town. "Even the new c e n t r e s e s t a b l i s h e d between the 
i n v a s i o n s of Caesar and that of Claudius a century l a t e r , 
showed no notable advance. Cunobelinus 1 c a p i t a l a t C o l c h e s t e r 
(Camulodunum) was a v a s t c o l l e c t i o n of s q u a l i d huts and shacks" 
E x c a v a t i o n on Romano-British s i t e s has r e v e a l e d the 
foundations of houses of d e f i n i t e types. I n many cases the 
stone foundations are of a l i g h t c h a r a c t e r , suggesting that 
they c a r r i e d s i n g l e - s t o r e y s t r u c t u r e s , and i t i s therefore 
probable that the m a j o r i t y of dwellings had no upper f l o o r s ! 2 ) 
The type of town house most f r e q u e n t l y encountered i s a long, 
narrow b u i l d i n g , some 50 to 100 f e e t long,, w i t h i t s length a t 
r i g h t angles to the s t r e e t , so t h a t a s t r e e t of .such houses 
would appear as a row of gable-ends each w i t h i t s own door.(3} 
I n i t s s i m p l e s t form t h i s house i s found merely as one long 
room; a n a t u r a l developmentWas p a r t i t i o n s d i v i d i n g the area 
i n t o s e v e r a l rooms. The s t r e e t end of the house could be-
'open 1, the gable being s e t back r e l a t i v e l y to the s t r e e t . 
T h i s i n e f f e c t c o n s t i t u t e s a shop: the s t a l l being under 
the eaves, a d j o i n i n g the s t r e e t , and the owner l i v i n g i n the 
b u i l d i n g behind, which serves both as home and warehouse. 
(l) Anthony B i r l e y , " L i f e i n Roman B r i t a i n " , (London, 196*0. 
(£) C e l l a r s , however, are known, e.g., a t Chalk near Gravesend 
(J.R.S., 1962, L I I , 189, F i g . 3 3 ) . 
(3) R.G. Collingwood, "Archaeology of Roman B r i t a i n , " 
107, (London, 1930). 
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,Collingwood quotes Oelmann\ 1/ f o r the suggestion that s i n c e 
houses of t h i s type occur along the main s t r e e t s of p l a c e s 
l i k e Caerwent and S i l c h e s t e r , such towns began t h e i r e x i s t e n c e 
as markets, and i t was only a t a l a t e r stage i n the developing 
town that wealthy merchants s t a r t e d to b u i l d themselves 
houses on i t s o u t s k i r t s * 
The house found i n the countryside i s the Roman " v i l l a " 
which means "farm". The outstanding f e a t u r e of the Roman 
v i l l a i n B r i t a i n i s a c o r r i d o r running along the f r o n t of the 
house, stopping short of i t s two ends which p r o j e c t as wings. 
Each wing i s a room, and the remaining rooms open o f f a t r i g h t 
angles to the length of the c o r r i d o r . T h i s simple p l a n was 
developed i n v a r i o u s ways which, as we intend to d e a l with 
c o n s t r u c t i o n r a t h e r than lay-out, need not concern us here. 
A point of h i s t o r i c a l i n t e r e s t i s that alongside some v i l l a s ( 2 ) 
i s found a type of o u t b u i l d i n g which i s a long b a r n - l i k e 
s t r u c t u r e w i t h a broad c e n t r a l nave and a p a i r of s i d e - a i s l e s 
o ften b r a t t i c e d o f f to form separate rooms which sometimes 
extend r i g h t a c r o s s the c e n t r a l nave. T h i s j u x t a p o s i t i o n of 
'barn-dwelling' and v i l l a suggests that the barn-dwelling was 
f o r the farm-workers. I n the south of England barn-dwellings 
have been f a i r l y f r e q u e n t l y discovered, some c o n t a i n i n g 
hypocausts and baths which have been i n s e r t e d a t a l a t e r date, 
obviously as an improvement. T h i s evidence, coupled with 
the e x i s t e n c e of s i t e s where barn-dwellings and v i l l a c o - e x i s t , 
has given r i s e to the i d e a that the barn-dwelling r e p r e s e n t s 
an e a r l y phase of Romano-Celtic c u l t u r e , t h a t i s , the barn-
d w e l l i n g was e a r l y or even pre-Roman, and i n the course of 
the Romanisation of the province the more prosperous farmers 
b u i l t themselves v i l l a s and moved out of t h e i r former barn-
dwellings which then served to accommodate the farm-workers'3/ 
(1) Bonner Jahrbucher, 128; 77-97 (Collingwood, o p . c i t . , 
109-110). 
(2) For example, a t Mansfield Woodhouse, Notts. (See Arch., 
V I I I , 363; Collingwood, o p . c i t . , 116-117, 133-139). 
(3) . I-A. Richmond has drawn a t t e n t i o n to I r i s h a n a l ogies 
f o r the Romano-British barn-dwelling (see J.R.S., 1932, 
X X I I , 96)• S i m i l a r farmhouses e x i s t i n F r i e s l a n d today, 
the nave housing s t o r e s and l i v e s t o c k , while the workers 
occupy the a i s l e s ( c f . Ward, "Romano-British B u i l d i n g s 
and Earthworks", 180-181). 
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As examples of the gradual Romanisation of the 
countryside, which i n the south-east of B r i t a i n began 
even before the conquest, R i v e t (1) has quoted a s i t e a t 
Lo c k l e y s , near Welwyn, and another at' Park S t r e e t , near 
S t . Albans, where i t i s p o s s i b l e to t r a c e the e v o l u t i o n 
from a B e l g i c hut to a Romano-British farmhouse, the farm-
houses having w e l l - l a i d foundations of f l i n t and c h a l k rubble, 
and appearing about A.D. 65* 
During the f i r s t century A.D. stone b u i l d i n g s were 
r a r i t i e s , a part from a few l a r g e s t r u c t u r e s intended f o r 
pu b l i c use, such as the l e g i o n a r y amphitheatre a t Caerleon 
( c . A.D. 80-90). WheelerT*) suggests that there was 
probably l i t t l e masonry u n t i l the r e i g n of Hadrian, and even 
then timber was doubtless used to a g r e a t e r extent than we 
can now a s c e r t a i n as the p r i n c i p a l m a t e r i a l f o r the super-
s t r u c t u r e s of n o n - m i l i t a r y b u i l d i n g s . The s i m p l e s t kind of 
wooden b u i l d i n g was b u i l t around upright posts merely d r i v e n 
i n t o the ground (and now represented only by the p o s t - h o l e s ) , 
but sometimes the up r i g h t s were mortised i n t o sleeper-beams to 
provide a more secure foundation. J.P. Bushe-Fox has described'3y 
the c o n s t r u c t i o n of a timber b u i l d i n g of t h i s s o r t , with cement 
f l o o r s : "Roughly squared stones were f i r s t placed a t i n t e r v a l s 
to support the s i l l - p i e c e s of the outside w a l l s and p a r t i t i o n s , 
and i n t o these were f i t t e d u p r i g h t s to c a r r y the framework of 
the w a l l s . The spaces between these beams would be f i l l e d w i th 
i n t e r l a c i n g w a t t l e , and the whole covered with a t h i c k l a y e r 
of c l a y . While s t i l l s o f t , the c l a y would be keyed to r e t a i n 
the p l a s t e r . T h i s would be done e i t h e r by s l a s h i n g the s u r f a c e 
with a sharp t o o l or stamping: i t with a mould formed of a 
wooden board carved with a herring-bone p a t t e r n or one of a 
diaper of lozenges. The p l a s t e r would then be ap p l i e d , smoothed 
and f i n a l l y painted. The f l o o r s were l a i d a f t e r the w a l l s 
were f i n i s h e d , and l a s t of a l l a quarter-round f i l l e t was 
placed a t the j u n c t i o n of the two." 
Walls 
U s u a l l y , a l l that now remains of the w a l l s of such 
b u i l d i n g s i s a channel between adjacent cement or t a s s e l l a t e d 
f l o o r s . I n a second-century house a t Verularaium, however, 
(1) A.L.F. R i v e t , "Town and Country i n Roman B r i t a i n " , 
105-107, (London, 1958); the r e f e r e n c e s c i t e d are, f o r 
L o c k l e y s , H.E. 0'Neil i n Arch.Jour., C I I , and f o r Park 
S t r e e t , J.B. Ward Perkins i n A n t i q s . Jour., X V I I I . 
(2) R.E.M. Wheeler, J.R.S., 1932, X X I I , 117. 
(3) J.P. Bushe-Fox, F i r s t Wroxeter Report, Soc. A n t i q s . 
London, 1913. 
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s u f f i c i e n t t r a c e s of a timber p a r t i t i o n w a l l were found to 
enable the c o n s t r u c t i o n to be a s c e r t a i n e d ( l ) The timber 
w a l l i t s e l f , four inches t h i c k , had perished, but i t was 
ou t l i n e d by the p l a s t e r with which i t had been faced on both 
s i d e s . On one s i d e the p l a s t e r had been r e i n f o r c e d by a i a y e r 
of flanged r o o f - t i l e s placed v e r t i c a l l y w i t h i n i t . The timber 
w a l l had been taken to a depth of k or 5 i n c h e s below the 
l e v e l of the adjacent f l o o r s , and was there bedded on pebble 
f o o t i n g s . F i g . 2 shows a s e c t i o n a c r o s s the p a r t i t i o n w a l l , 
which was 1 f t . 2\ i n . t h i c k , and F i g . 3 shows the s i t e as 
excavated. The outer w a l l s of t h i s ' b u i l d i n g were of f l i n t . 
I n another second-century b u i l d i n g a t Verulamium timber w a l l -
posts were used as a framework f o r the c o n s t r u c t i o n of i t s 
f l i n t w a l l s ( F i g . 4 shows the matrix of one of these p o s t s ) . 
The lower pa r t s of the posts were c i r c u l a r i n s e c t i o n , about 
1 f t . i n diameter, and they had been d r i v e n i n t o the ground 
a t i n t e r v a l s v a r y i n g from 5 to 16 f t . The f l i n t w a l l s were 
b u i l t between them, the ends of each w a l l p a r t l y c l a s p i n g 
the posts (the w a l l ends thus appearing concave, when viewed 
i n p l a n ) . 
A y a ^ l of unusual c o n s t r u c t i o n was found a t Verulamium 
i n 1 9 5 6 . ( 2 ) Uow s l e e p e r w a l l s , some 2-3. f t . high, had been 
b u i l t of masonry. The smooth, f l a t tops of these were c r o s s e d 
by t r a n s v e r s e s l o t s a t i n t e r v a l s of about 8 f e e t ; the s l o t s 
had held timber battens, probably used f o r f i x i n g the wooden 
s h u t t e r i n g which would be employed f o r r e t a i n i n g the c l e a n 
yellow c l a y of which the upper p a r t of the w a l l was made. T h i s 
had e v i d e n t l y been l a i d i n a p l a s t i c c o n d i t i o n , because i t 
bore the imprint of a chevron-notched r o l l e r which had been 
used to provide 'keying' f o r the w a l l p l a s t e r . The upper part 
of the wall, was thus pure c l a y about 2 f t . t h i c k ; i t does, 
not seem to have needed a timber frame, because no sockets 
f o r w a l l - p o s t s were found i n the masonry. 
Ex c a v a t i o n in. I n s u l a XIV a t Verulamium i n I 9 6 O y i e l d e d 
evidence f o r the f i r s t time of oak plank f l o o r i n g , l a i d on 
t r a n s v e r s e j o i s t s . ( 3 / 
T i l e s , B r i c k s , Water-pipes. 
I n the t y p i c a l Romano-British v i l l a f u l l use was made of 
ceramics i n the form of t i l e s and b r i c k s , and i t i s p o s s i b l e 
that oh occasion the k i l n or k i l n s f o r making these were s e t 
( 1 ) R.E.M. Wheeler, l o c . c i t . , 1 1 8 . 
(2) I n B u i l d i n g XXI i n I n s u l a XXI. See Antiqs.Jour. 1 9 5 7 » 
XXXVTI, 1 3 , where a l s o a footnote records t h a t s i m i l a r 
w a l l s have been observed i n v i l l a s a t Farningham and 
£u1 1ings t one• 
( 3 ) J.R.S., 1 9 6 1 , L I , 1 8 0 . 
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up on the b u i l d i n g J 3 i t e An i n s t a n c e of t h i s may have 
occurred (1) a t " ^ A s h t e a d i n Surrey, where i n the l a t e f i r s t 
c entury a c o r r i d o r house was b u i l t , with two heated rooms, 
and a bath-annexe as w e l l as a separate b a t h - b u i l d i n g . The 
f l u e t i l e s seem to have been made on the spot, because t r a c e s 
of s e v e r a l k i l n s and l a y e r s of burnt and d i s t o r t e d t i l e s 
mixed w i t h c h a r c o a l were found i n the v i c i n i t y . F i g . 5 
shows a column made of t i l e s , and what a t the time of 
excavation was described as a chimney-pot, recovered from 
the s i t e ; the c e n t r a l sketch i s a r e c o n s t r u c t i o n of the 
a l l e g e d chimney-potv2). Wheeler remarks that i n regions 
devoid of free s t o n e , shaped b r i c k s were commonly used f o r 
the c o n s t r u c t i o n of columns and p i l a s t e r s , sometimes even 
where freestone was a v a i l a b l e , e.g. L i n c o l n w ) . . The 
le g i o n a r y works depot a t Holt has gi v e n us a good idea o f 
the ceramic b u i l d i n g m a t e r i a l s i n use i n the second century; 
W.F. Grimes CO records the f o l l o w i n g among the standard 
s i z e s of b r i c k s and t i l e s made a t Holt: 
B r i c k s 
k%n x 3" (or 3i-") x l£", commonly used s e t 
on edge f o r 'herring-bone* pavements. 
8\n x 8-^ " x 2", used f o r p i l l a r s of hypocausts. 
10"! *° 1 L J m square, x 2-3" t h i c k , f o r paving 
and d r a i n covers, a l s o f o r k i l n w a l l s . 
T i l e s 
2 f t . x 1 f t . x 1 i n . , and 2 f t . x 2 f t . x 2 i n . , 
used as f a c i n g and revetment t i l e s . The former 
were scored f o r keying to p l a s t e r , the. l a t t e r 
are p i e r c e d w i t h holes f o r f i x i n g to a w a l l . 
Tegulae, or flanged r o o f i n g t i l e s , length 
1 f t . 8 i n s . , top width 16-17 i n s . , bottom width 
15-16^ i n s . , height of flange 2 i n s . 
(1) Surrey Arch. C o l l e c t i o n s , XXXVII & XXXVIII, a l s o J.R.S. 
1929, XIX, 208. I t should, however, be noted t h a t the 
excavator regarded t h e . s i t e as a k i l n p l a n t f o r t i l e making. 
(2) Since i d e n t i f i e d as a lamp chimney to s h e l t e r a l i g h t i n a 
courtyard or on an a l t a r , or f o r burning i n c e n s e . R i t u a l use 
confirmed by d i s c o v e r y of a s i m i l a r example i n a temple a t 
Verulamium.(see R.E.M. & T.V.Wheeler, "Verulamium: A 
B e l g i c and two Roman c i t i e s " , 190, 191 ( F i g . 3 2 ) , a l s o 
P l a t e LVT.il; Soc.Antiqs. Res. Report X I , Oxford 1936). 
Often mistaken f o r f l u e cowls or v e n t i l a t o r s f o r bath 
b u i l d i n g s , but too s c a r c e to have been so used. ABO found 
i n some graves, which again confirms r i t u a l use. 
(3) Arch., 1899, LVI, P l a t e XIX opposite page 371. 
{hi Y Cymmrodor, 1930, XL I , 13^-5-
flW 
1 
! n 
P i g . 6 
1 
• i - t i t 
U U ) * 1TMCI 
TO" At 
i 2$ 
i St 
•OUT.O* 
• I 
! t 
i 
BJ =.3 
S T R E E T K N I G H T R I O E R 
'0 Ft ir 
E L E V A T I O N A N D P L A N O F R O M A N W A L L F O U N D I N F R I D A Y A N D K N I C H T R I D E R 
S T R E E T S , L O N D O N , I N I90C 
{Archaeologia Ix) 
9 
I n a d d i t i o n , there was a v a r i e t y of s i z e s of box t i l e s and 
other shapes f o r hypocausts and k i l n s , together with two 
main types of water-pipes. The fjirsjfc of these types was 
wheel-made; the second was much cruder, hand-made, and 
trimmed with a sharp t o o l before f i r i n g . Pipes of the f i r s t 
type are indicated-by 10 and 11 i n F i g . 6 i 13 shows how the 
reduced end and i t s flange f i t t e d the socket of the pipe i n 
f r o n t . The hand-made form i s shown by 12; i n t h i s type there 
was no flange, but the pipe had wide and narrow ends f o r 
j o i n t i n g . These pipes i l l u s t r a t e the s k i l l of the p o t t e r s i n 
the throwing and f i r i n g of l a r g e a r t i c l e s without deformation, 
e s p e c i a l l y when the r e l a t i v e l y t h i n but uniform w a l l - t h i c k n e s s 
r of the pipes i s considered. 
Use of concrete 
For work on a l a r g e s c a l e the Roman b u i l d e r s thought i n 
terms of concrete, u s i n g f o r the 'aggregate' whatever coarse 
m a t e r i a l was l o c a l l y a v a i l a b l e , f o r example, f l i n t and c h a l k -
lumps were used a t Verulamium, and nodules of a r g i l l a c e o u s 
\ limestone, ' s e p t a r i a ' , i n the w a l l s a t Camulodunum. Unl i k e 
modern concrete work, where the mixture of aggregate and 
cement i s prepared beforehand, the Roman p r a c t i c e was to l a y 
the aggregate i n h o r i z o n t a l courses, pouring on l i q u i d mortar 
a f t e r each course was l a i d . I n l a t e Roman c o n s t r u c t i o n the 
mortar was g e n e r a l l y s u f f i c i e n t l y f l u i d to p e r c o l a t e through 
the aggregate, forming, when s e t , a s o l i d mass l i k e modern 
concrete.. I n some e a r l i e r work (e.g. the town w a l l s of 
Caerwent) the mortar was t h i c k e r and so f a i l e d to seep 
completely i n t o the aggregate. i t functioned t h e r e f o r e more 
as a bond f o r i n d i v i d u a l courses, and a i r pockets were l e f t 
i n the h e a r t of the w a l l . A c h a r a c t e r i s t i c f e a t u r e of f i r s t 
and second-century work i s that i n l a y i n g the courses, the 
aggregate was pitched e i t h e r i n a constant slope or was sloped 
a l t e r n a t e l y to r i g h t a n d - l e f t i n s u c c e s s i v e courses, g i v i n g a 
herring-bone e f f e c t . The concreted w a l l was o f t e n b u i l t 
between boards supported by upright posts which would normally 
be on the outside of the boards, but there are i n s t a n c e s 
r e c o r d e d ( l ) where the posts were placed i n s i d e the boarding. 
Such a case i s the Roman w a l l discovered c.1905 i n F r i d a y and 
K n i g h t r i d e r S t r e e t s , London, where the matrices of these 
i n t e r n a l u p r ights together with the.impression of the 
h o r i z o n t a l boarding, were c l e a r l y v i s i b l e on t h e , w a l l ( F i g . 7 ) ( 2 / 
(1) R.E.M. Wheeler, J.R.S., 1932,XXII, 121-2. 
(2) Archaeologia, LX. 
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V a u l t s and Arches 
Roman domes and v a u l t s were normally s o l i d masses of 
concrete, but where the span of the v a u l t was l a r g e the 
s t r u c t u r e was lightened by embedding b o x - t i l e s , wedge or 
'v o u s s o i r 1 shaped, i n the concrete. • T h i s method of con-
s t r u c t i o n seems to have been employed f o r the kO f t . span 
of the great bath a t Bath, and s i m i l a r b o x - t i l e v o u s s o i r s 
have been found i n London ( F i g . 8 ) ' 1 ' . I t i s p o s s i b l e that 
an even l i g h t e r form o f ' v a u l t i n g was achieved by the use of 
calc a r e o u s t u f a , a c a l c i f i e d mass which i s formed when lime-
stone, d i s s o l v e d by the. n a t u r a l a c t i o n of r a i n water, i s 
p r e c i p i t a t e d when the water evaporates. When f r e s h l y dug, 
tuf a i s e a s i l y cut and shaped, but on exposure i t hardens to 
form a mass which i s l i g h t because of i t s 'sealed-pore' 
s t r u c t u r e . On the s i t e of the caldarium i n the bath-building 
a t Chesters, on Hadrian's Wall, many v o u s s o i r s of t u f a were 
found, and P. Brewis has s u g g e s t e d ^ / that these were used 
to form arched r i b s f o r the vaul t e d c e i l i n g . The r i b s 
could have been spaced a foot or so apart, the i n t e r v a l s 
between the r i b s being c l o s e d by a double s e t of t i l e s 
forming 'arched hollows' i n which the a i r would be stagnant. 
The whole assembly ( F i g . 9 ) would thus provide a l i g h t , 
h e a t - i n s u l a t i n g roof. 
A purely s t r u c t u r a l engineering use of an arch i s 
where the a r c h i s used s o l e l y to r e d i s t r i b u t e a weight or 
t h r u s t , and the ar c h i s not par t of the a r c h i t e c t u r a l 
f e a t u r e s of the b u i l d i n g . An ar c h used i n t h i s manner i s 
termed a . ' r e l i e v i n g arch* . Wheelerw) i l l u s t r a t e s ( F i g . 10 ) 
a s t r a i g h t - s i d e d b r i c k a r c h which was used a t Verulamium 
"to c a r r y a l a t e t h i r d - c e n t u r y w a l l a c r o s s a second-century 
r u b b i s h - p i t to which the b u i l d e r did not t r u s t h i s foundations 
without t h i s a i d " . 
E x t e r n a l decoration. 
D i s c u s s i n g the e x t e r n a l appearance of Roman- b u i l d i n g s 
i n B r i t a i n , Wheeler points out (*0 that much of the masonry 
which we have come to regard as t y p i c a l l y and even a t t r a c t -
i v e l y Roman i n appearance looked very d i f f e r e n t i n i t s own day. 
(1) London and G u i l d h a l l Museums. 
(2) Arch. A e l . , 1931, V I I I , 278. 
(3J R.E.M. Wheeler, J.R.S., 1932, X X I I , 131. 
(4) R.E.M. Wheeler, l o c . c i t . 126. 
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For example, the town w a l l s a t Caerwent were smoothed by a 
coat of white mortar i n which f a l s e j o i n t s were s t r u c k . The 
rough w a l l s of the l a t e f i r s t - c e n t u r y amphitheatre a t Caerleon 
were smoothed by f l u s h p o i n t i n g , and f a l s e j o i n t s were then 
painted on, i n crimson p a i n t v^-'. Cement or p l a s t e r renderings 
were thus f r e q u e n t l y used by the Roman b u i l d e r i n an attempt 
to give a neat and r e g u l a r e x t e r i o r aspect to h i s b u i l d i n g s . 
O c c a s i o n a l l y m a t e r i a l s were brought from long d i s t a n c e s to 
enhance the c h a r a c t e r of a b u i l d i n g .in Roman eyes: At 
Verulamium and a t C o l c h e s t e r , Purbeck marble from Dorset was 
found(2); green marble from the Peloponnese was discovered i n 
a small Romano-British house a t E l y near C a r d i f f O ) - ; white 
I t a l i a n marble was used about A.D.85 f o r a monument a t Richborotgh 
i n Kent, and Egyptian g r a n i t e was employed f o r a column base i n 
the G u i l d h a l l , London(^). At S i l c h e s t e r there were fragments 
of Egyptian porphyry i n a workshop (5) 
I n t e r n a l decoration. 
I n t e r n a l l y , Romano-British b u i l d i n g s seem to have been 
as g a i l y painted as any of the b u i l d i n g s which have s u r v i v e d 
i n I t a l y ; a r c h a e o l o g i c a l l i t e r a t u r e contains many r e f e r e n c e s 
to painted p l a s t e r found i n v a r i o u s p a r t s of B r i t a i n , g e n e r a l l y 
i n a fragmentary s t a t e , u n f o r t u n a t e l y , but sometimes with 
enough evidence to enable the o r i g i n a l e f f e c t to be surmised. 
One of the e a r l i e s t records i s of the remains of a painted 
w a l l i n a v i l l a a t Comb End, G l o u c e s t e r s h i r e . Lysons r e -
produces this(°J;r h i s s k e t c h shows the f e e t of four people 
and the hem of t h e i r red garments, w i t h the bases of three 
p i l l a r s . These p i l l a r s could be part of the scene which the 
a r t i s t had depicted. A r t i s , on the other hand, shows u s w ) 
a f r e s c o , from the w a l l of a Roman bath i n Northamptonshire, 
(l) Archaeologia, L X X V I I I , 118. 
(21 Essex Arch. Soc. Trans., XVI, 366. 
(3) C a r d i f f N a t u r a l i s t s ' Soc. Trans., LV, k^. 
(A) R.C.H.M., "Roman Lpndon," h2. 
(5) Report on Excavations a t S i l c h e s t e r , 1905, 7« 
(.6) Samuel Lysons, P l a t e 1 i n V o i . I I of " R e l i q u i a e 
Britannico-Romanae" (3 v o l s . , London, 1813-17)• 
(7) E.T. A r t i s , P l a t e s 26 & 32 i n "The Ihirobrivae of 
Antoninus", (London, 1828). 
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where three painted ( i . e . , i m i t a t i o n ) p i l l a r s d i v i d e the 
w a l l i n t o two s e c t i o n s each c o n t a i n i n g a red panel surrounded 
by a blue border and having a yellow dado below. Painted 
columns, about 3t f t . high, with diaper ornament and l o t u s -
l e a f c a p i t a l s were foundT^-A i n a house a t Verulamium; between 
the c a p i t a l s were painted panels of reddish-brown marbling. 
At Pompeii i t appears to have been customary to mark 
the o u t l i n e of the design on painted p l a s t e r w i t h a s t y l u s 
before commencing the p a i n t i n g . At S i l c h e s t e r i n 1895 
piec e s of p l a s t e r from a house i n I n s u l a XIV were found to 
have t r a c e s of s i m i l a r l y i n c i s e d s e t t i n g - o u t or guide l i n e s ' 2 / . 
T h i s p l a s t e r was e v i d e n t l y p a r t of a painted dado, shown r e -
constructed i n F i g . 11 . The r i n g s and hollow squares are 
grey, l i n k e d with yellow ears of ba r l e y ; t h e background i s 
maroon wi t h blue r o s e t t e s , and there are diagonal l i n e s of 
b e r r i e s and green l e a v e s . 
I n 1956, a t Verulamium pa r t of the painted p l a s t e r of a 
second-century house i n I n s u l a XXI was found i n t a c t (but face 
downwards) beneath l a t e r f l o o r s ( 3 ) . One si d e of a c o r r i d o r 
had a red-panelled w a l l with yellow and blue decoration; the 
opposite w a l l , i n purple, had panels of yellow bearded wheat 
s t a l k s e n c l o s i n g doves. Most remarkable of a l l was a 12 f t . 
length of a painted f r i e z e ; t h i s had a b r i g h t yellow back-
ground w i t h a green acanthus s c r o l l and l a r g e red flowers 
a l t e r n a t e l y top and bottom. I n the c e n t r a l p o r t i o n there 
was a f e l i n e ( l e o p a r d ? ) shown f u l l f a c e , and two pheasants 
seen i n p r o f i l e . One of these pheasants i s i l l u s t r a t e d i n 
F i g . 12 . Two y e a r s l a t e r p a r t of a painted c e i l i n g a s s o c i a t e d 
with the red-panelled w a l l was discovered\ w; t h i s i s shown 
i n F i g . 13 . 
A word must be s a i d about mosaics, which are a 
c h a r a c t e r i s t i c Roman de c o r a t i v e f l o o r i n g . The method of 
c o n s t r u c t i o n was s t r a i g h t f o r w a r d : s m a l l cubes ( t e s s e t i r a e ) 
were made out of l o c a l stone or c l a y and were l a i d w i t h a 
very durable cement of lime on a concrete bed. Much ingenuity, 
however, was used to obtain e f f e c t s of co l o u r : H a v e r f i e l d 
wrxtes (5) "Experiments made on a C i r e n c e s t e r mosaic showed 
(1) J.R.S., 1959, XLIX, 123. 
('21 Archaeologia, I896, LV, 249-250. 
(3) A n t i q s . Jour., 1957, 21* l2*5 J-R-S., 1957, X L V I I , 217. 
The r e s t o r e d p l a s t e r 12 f t . long, 5 f t * high, i s now i n 
the B r i t i s h Museum. 
(k) J.R.S., 1959, XLIX, P l a t e X I I I . 
(5) F . H a v e r f i e l d , "The A r t and A r c h i t e c t u r e of Roman B r i t a i n " , 
i n H.D. T r a i l l & J.S. Mann's " S o c i a l England". 
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that the cream-coloured cubes were obtained from a l o c a l 
limestone, grey from the same s l i g h t l y roasted, white from 
chalk, yellow from,local g r a v e l d r i f t s , s l a t e - c o l o u r e d from 
a G l o u c e s t e r s h i r e l i a s , and chocolate from a Herefordshire, 
old red sandstone, while red and black were baked c l a y s with 
added pigment, and a s m a l l piece of b r i g h t red was proved to 
be ruby g l a s s . " Wheeler thin k s that " i t seems probable 
that mosaic pavements were f o r the most pa r t made by i t i n e r a n t 
craftsmen working from hard-worn p a t t e r n books." When they 
are not conventional and more or l e s s geometric designs the 
s u b j e c t s of mosaics are t y p i c a l l y Roman: the Seasons, Muses, 
Cupids, Actaeon devoured by h i s dogs, hunting scenes, sea 
monsters, and so on. "No l a t e C e l t i c t r a i t s , no s p e c i a l l y 
Romano-British s t y l e i n t r u d e s ; the a r t i s t s of the mosaics 
r a r e l y , i f ever, ventured even to introduce o b j e c t s which 
might be supposed to be drawn from t h e i r B r i t i s h surroundings. 
Here, as i n the other f i t t i n g s and decorations of the Romano -
B r i t i s h r e s i d e n c e , Roman fa s h i o n s r u l e d alone.(2). a t y p i c a l 
specimen, from C o l c h e s t e r ( 3 ) i s shown i n F i g . 14 ; t h i s 
pavement was 19 f t . square, i n c l u d i n g the red surround. I t 
i s ' g e n e r a l l y considered that many of these mosaic pavements 
do not equal the best I t a l i a n work, but on occasion a 
favourable comparison can be made, as a t S i l c h e s t e r where 
the choice of design and the d e l i c a c y of the workmanship i n 
the margin or f r i e z e of a f i r s t - c e n t u r y mosaic has prompted 
comparison w i t h a painted f r i e z e o r i g i n a l l y e x i s t i n g i n the 
p o r t i c o of the Temple of I s i s a t Po m p e i i ( ^ ) . The s i m i l a r i t y 
i n s t y l e i s apparent i n F i g . 15 . ( i n c i d e n t a l l y , the acanthus 
s c r o l l - w o r k on the 12 f t . length.of painted, f r i e z e a t Verulamium 
mentioned on" page 12 , has a l s o been compared(37 with the 
Temple of I s i s f r i e z e ) . 
( l ) R.E.M. Wheeler, l o c . c i t . , 127. 
2) F. H a v e r f i e l d , l o c . c i t . 
3) M.R. H u l l , "Roman C o l c h e s t e r " , P l a t e XXXIV, (Soc.Antiqs. 
Res. Report XX, 1958). T h i s mosaic, now i n the C o l c h e s t e r 
& Essex Museum, was found i n I n s u l a 40 i n the grounds of 
what was known as Bury or Berry F i e l d . 
(4) W.H. S t . John Hope & G.E. Fox, Archaeologia, 1899, LVT, 
245-250. 
(5) See J.R.S., 1957, X L V I I , 217, footnote 72. Other i n t e r -
e s t i n g p a r a l l e l s are drawn, and i t i s suggested t h a t "The 
s c r o l l with masks, animals, and b i r d s used by w a l l - p a i n t e r s 
of the l a t e r f i r s t century could e a s i l y s t i l l e x i s t i n the 
pattern-books f i f t y or so y e a r s l a t e r i n the prov i n c e s . " 
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CIVTL ENGINEERING 
Roads' 
. The b a s i s of the c i v i l i z a t i o n of Rome was her road system, providing the means f o r r a p i d movement of troops 
i n emergency, and f o r trade i n time of peace. The needs 
. of the army meant that the c o n s t r u c t i o n of many roads was 
a m i l i t a r y undertaking, and a highway l i n k i n g p l a c e s of 
s t r a t e g i c importance by a d i r e c t route would be often the 
f i r s t permanent c o n s t r u c t i o n a l e n t e r p r i s e i n newly conquered 
t e r r i t o r y . I t has been pointed out'^-' that s i n c e the 
resources of a country were i n i t i a l l y e x p l o i t e d under 
m i l i t a r y d i r e c t i o n , roads connecting c e n t r e s of purely 
commercial importance were s i m i l a r l y b u i l t by the army, 
even i f l a t e r i t r e l i n q u i s h e d the c h i e f r e s p o n s i b i l i t y f o r 
maintenance. Thus, i n B r i t a i n , most of the main roads were 
f i r s t c onstructed as p a r t of m i l i t a r y s t r a t e g y , but a f t e r the 
conquest they became c h i e f l y means of p e a c e f u l communication* 
The e a r l i e s t roads were b u i l t i n the south-east of B r i t a i n , 
t h r u s t i n g north, n o r t h - e a s t and west as the Conquest gathered 
momentum. 
The design of roads, and the m a t e r i a l s used in.con-
s t r u c t i o n v a r i e d c o n s i d e r a b l y , and a modern w r i t e r ' 2 ' makes 
i t c l e a r t h at Roman technique changed as they l e a r n t from 
experience; n e v e r t h e l e s s c e r t a i n outstanding f e a t u r e s , 
c h a r a c t e r i s e the Roman road throughout the Empire: the 
foundations were thoroughly sound, although the t e r r a i n might 
be dry or damp; a base of broken stones,' t i l e s or g r a v e l was 
always made, the s m a l l e r stones being included i n the top of 
the l a y e r ; c l a y or lime mortar made the fragments i n t o a 
w a t e r t i g h t mass; a paved s u r f a c e was provided f o r p r i n c i p a l 
roads. i n B r i t a i n there are foundations of timber corduroy, 
or p i l e s , or g r a v e l . The road over Blackstone Edge was b u i l t 
on peat. The same road had a paved s u r f a c e , although i n many 
cases the top i s of rammed g r a v e l . Widths of road vary from 
eight to twenty-five f e e t , and the d i t c h e s can be up to f i f t y 
or s i x t y f e e t a p a r t . S e v e r a l of these f e a t u r e s are i l l u s t r a t e d 
i n F i g . ig which d e p i c t s s e c t i o n s cut a c r o s s Akeman S t r e e t 
i n Pool's Bottom, e a s t of A s t h a l l y , showing the c o n s t r u c t i o n 
of the S t r e e t and the way i n which i t s width decreased from J6 ft. 
to 18 f t . and then to 10 f t . while i t s l i n e diverged, to descend 
the slope to a high-pitched causeway 10 f t . wide; i t u l t i m a t e l y 
( l ) I.D. Margary,"Roman Ways i n the Weald," (Phoenix Press,1948). 
(2^ H. S c h r e i b e r , "History of Roads", ( B a r r i e & R o c k l i f f , 196l). 
(3) R.G. Collingwood, "Archaeology of Roman B r i t a i n , " 3, 
(London, 1930). 
(4) C.G. Stevens and J.N.L. Myres, "Excavations on the Akeman 
S t r e e t , near A s t h a l l y , Oxon." Antiqs.Jour., 1926, 
VI, 43-53. 
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crossed the stream by a paved f o r d . The roadway was found to 
be most p e r f e c t l y preserved a t S e c t i o n B.2 ( F i g . 16 ) where 
i t had the f o l l o w i n g c o n s t r u c t i o n : 
( i ) The su r f a c e was.paved with l a r g e f l a t S t o n e s f i e l d 
f l a g s up to 1 f t . by 1 f t . 6 i n . i n s i z e , and 2 to 
3 i n . t h i c k ; . s e v e r a l of these were found i n s i t u . 
( i i ) Beneath the paving i s a l a y e r , about 1 f t . t h i c k , 
of stones packed on edge i n a bed of s m a l l stones 
and s l o p i n g a t an angle i n the d i r e c t i o n of the road. 
( i i i ) Beneath t h i s i s a l a y e r of quarry rubbish i n yellow 
c l a y 8 i n . t h i c k . 
( i v ) Beneath.. t h i s i s a foundation l a y e r of pure r i v e r 
g r a v e l , v a r y i n g from 6 i n . t h i c k a t the edge to 
1 f t . 3 i n . i n the centre of the road, and l y i n g 
d i r e c t l y on the n a t u r a l c l a y and sand of the v a l l e y 
f l o o r . 
I n general, the roads were w e l l - m e t a l l e d with the best 
m a t e r i a l s a v a i l a b l e l o c a l l y , as f o r example f l i n t s , broken 
stone, stone s l a b s or squared blocks, or even waste products 
from l o c a l i n d u s t r y , . such as the i r o n s l a g or c i n d e r found i n 
the Weald. The t h i c k n e s s of the m e t a l l i n g v a r i e d ; s i x to 
twelve inches i n the middle i s u s u a l , but as much as two or 
even three f e e t has been found,although where such e x c e p t i o n a l 
t h i c k n e s s e s are r e v e a l e d they are probably the r e s u l t of 
repeated r e - s u r f a c i n g . The roads were cambered to a degree 
which to the modern eye would seem uncomfortably steep:-thus 
where a road i s w e l l preserved i t can sometimes be proved to 
have had a f a l l of as much as eight inches from the crown to 
the s i d e s , on a h a l f - w i d t h of only nine f e e t ( i ) . 
• B r i t i s h roads were s i m i l a r to G a u l i s h i n th a t the army 
engineers drove them along r i d g e s of high ground, with the 
obj e c t not only of commanding v a l l e y s but a l s o of avoiding 
r i v e r s . Thus Watling S t r e e t c r o s s e s s m a l l streams and the 
Fosse Way c r o s s e s only one r i v e r of reasonable s i z e , the 
Avon, a t Bath. There i s a s t r i k i n g s i m i l a r i t y , as H a v e r f i e l d 
s a i d ( 2 ) , between the layout of the B r i t i s h r a i l w a y system and 
the a r t e r i a l routes of Roman B r i t a i n . Watling S t r e e t ran from 
Canterbury to London, and then to Wroxeter v i a S t . Albans, 
Towcester and High Cross. A branch to Chester gave a c c e s s to 
(1) I.D. Margary, o p . c i t . . . 
(2) Quoted i n H.C. Darby's " H i s t o r i c a l Geography of England 
before 1800",. (Cambridge, 1936), Chapter 2, E.W. G i l b e r t . 
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northern Vales, and B r i t a i n . The route as a whole i s l i k e 
the former London, Midland and S c o t t i s h main l i n e . On the 
other hand the old London and North E a s t e r n system was almost 
i d e n t i c a l to Ermine S t r e e t ; from London to York v i a Braughing, 
Castor, L i n c o l n and Doncaster. I n a voiding Thorne and H a t f i e l d 
marshes t h i s road was b u i l t to pass through the s i t e s of 
Li t t l e b o r o u g h , Doncaster, C a s t l e f o r d and T a d c a s t e r . " I t i s • 
c l e a r t h a t . . ..vegetation did not c r e a t e any d i f f i c u l t y f o r the 
Roman road b u i l d e r . . . the course of the road i s a s t r i k i n g 
example of the f a c t t h a t marshes provided a much g r e a t e r 
p h y s i c a l o b s t a c l e to movement than woodland ( 1 ) . The road 
north-east from the c a p i t a l to Chelmsford, C o l c h e s t e r and 
Caister-by-Norwich i s again- s i m i l a r to a former L.N.E.R. main 
l i n e . Stane S t r e e t ' s course to the Hampshire coast i s l i k e 
t h a t of the Southern r a i l w a y system. 
I n the north, the Tyne Gap has been penetrated by Roman 
and r a i l w a y engineer a l i k e i n l i n k i n g Newcastle and C a r l i s l e . 
Of the va r i o u s cross-country main routes, the g r e a t e s t was 
the Fosse Way, oyer 220 miles long, from E x e t e r to L i n c o l n 
v i a Bath, C i r e n c e s t e r and L e i c e s t e r . 
Bridges 
I t i s accepted that the Romans, did not b u i l d many 
bridges i n B r i t a i n , and .quite often they r e l i e d on fords, 
constructed as submerged roads, f o r the passage of streams. 
I n I t a l y and the Empire, engineers l a i d concrete foundations 
f o r the l a r g e s t bridges.by means of cofferdams and made 
f r e e use of c i r c u l a r masonry a r c h e s . However, some of t h e i r 
biggest bridges were timber b u i l t , on concrete or rock found-
a t i o n s ; those i n B r i t a i n could h a r d l y have approached 
Apollodonis' s t r u c t u r e spanning the Danube i n s i z e , but they 
c e r t a i n l y made much use of wood. Collingwood (2) remarks tha t 
" A l l the Roman bridges of which we have c e r t a i n knowledge i n 
t h i s country were wooden s t r u c t u r e s on stone p i e r s " . 
The North Tyne provides us w i t h the remains.of what must 
have, been a f i n e bridge some 200 f t . long over the r i v e r a t 
C h e s t e r s . Research(37 has d i s c l o s e d the remains of an e a r l i e r 
and narrower H a d r i a n i c bridge on the same s i t e , a p p arently to 
1) Haverfield,, quoted i n (2.) t page 15« 2) E.G. Collingwood, "Archaeology of Roman B r i t a i n , " 5, 
(London, 1930). 
(3) Summarised by J . Collingwood Bruce, "Handbook to the Roman 
Wall, " ( E l e v e n t h edn. 1957, edited by I.A. Richmond). 
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c a r r y the Wall only. A p i e r of the f i r s t bridge, discovered 
i n the e a s t e r n abutment of the l a t e r bridge ( F i g . 17 ) shows 
that the o r i g i n a l p i e r s had cutwaters both up and downstream; 
the cutwaters of the second bridge face upstream only. The 
main face of the e a s t e r n abutment of the second bridge i s 22 f t . 
long and the p i e r s are b u i l t i n proportion, suggesting that 
t h i s l a t e r bridge c a r r i e d a road some 20 f t . wide. The f a c i n g 
stones of the abutment were bound together by i r o n t i e - b a r s run 
i n w i t h lead. The road was undoubtedly c a r r i e d on a timber 
s u p e r s t r u c t u r e because grooves corresponding to the beams are 
v i s i b l e . i n some of the s c a t t e r e d masonry on the s i t e , and no 
a r c h stone of t h i s period has been found, whereas v o u s s o i r s 
b u i l t i n t o one of the l a t e r p i e r s show that the f i r s t bridge 
was arched i n stone. T h i s of course i s understandable i f i t 
c a r r i e d the W a l l . The stones of .the e a r l i e r p i e r s were h e l d 
together by s i n g l e d o v e t a i l cramps between each stone. 
On the s i t e of the present Swing Bridge.at Newcastle upon 
Tyne there was the Pons A e l i u s , b u i l t by Hadrian. Work i n 
connection with the b u i l d i n g of the Swing Bridge i n 1866 showed 
that the stone p i e r s of Hadrian's bridge had each been b u i l t 
on a r a f t of iron-shod oaken p i l e s . The p i e r s had cutwaters 
both upstream and down, and they were wide enough to accommodate 
an 18 f t . road. 
R.G. Collingwood s t a t e s (1) that the Romans d e l i b e r a t e l y 
avoided the b u i l d i n g of bridges i n t h i s country, and w h i l s t 
t h i s may i n the main be true, i t i s c l e a r from the present 
b r i e f account that when the n e c e s s i t y arose they could c a l l . 
upon c i v i l engineering r e s o u r c e s of a high order. 
Water Supply 
The primary sources of water i n Roman B r i t a i n were 
r i v e r s , springs and w e l l s ; the l a t t e r are numerous; they 
were s k i l f u l l y c onstructed and are i n v a r i a b l y l i n e d with stone 
or timber. On occasion b a r r e l s w ith the ends knocked out 
were used, and a t S i l c h e s t e r tubs made of f i r ^ w i th staves 
6 f t . . 52" i n s . long, were recovered from w e l l s V 2 ) . Nine Roman 
w e l l s examined w i t h i n the C i t y of London were of two types: 
e i t h e r square, l i n e d w i t h wood, or c i r c u l a r i n plan, l i n e d 
w i th wooden b a r r e l s from which the ends had been removed ( 3 ) . 
I t i s , however, i n the conveyance of water from a d i s t a n t 
source that Roman c i v i l engineering a b i l i t y i s seen a t i t s 
( l ) C.A.H., X I , 250. 
(21 Arch., 1898, LVI, 121. 
(3) J.R.S., 1955, XLV, 138-9. 
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b e s t . At Dorchester water was l e d from the Frome, a t a point 
about nine miles outside of the town, i n an open l e a t over a 
c a r e f u l l y contoured course to i t s d e s t i n a t i o n . A channel of 
s i m i l a r length was constructed i n Carmarthenshire to serve 
the Dolaucothy gold mine (see page 77 ) . At Wroxeter, the 
B e l l Brook was tapped i n the same way, to provide running 
water f o r p a r t of the town. Undertakings of t h i s ' nature 
demand thorough planning and a c c u r a t e surveying (1).. 
Lindum provides an e x c e l l e n t example of t h i s p r o f i c i e n c y 
i n c i v i l and h y d r a u l i c engineering: The c i t y of L i n c o l n stands 
on a h i l l nowhere l e s s than 40 f t . above the w a t e r - t a b l e . T h i s 
makes a normal g r a v i t a t i o n a l supply of water impossible, but 
the Romans provided' (2) a supply under pressure from a s p r i n g 
some three miles' outside Lindum Colonia by t r a n s f e r r i n g water 
a t the s p r i n g s i t e i n t o a h i g h - l e v e l c i s t e r n or water tower, 
from which i t was conveyed to the c i t y by a p i p e - l i n e c o n s i s t i n g 
of socketed ceramic pipes h e a v i l y encased i n concrete. 
A s s o c i a t e d with the c i t y boundary of t h i s p i p e - l i n e i s the 
remains of an aqueduct which i n 1951 was traced'3/ downhill 
to i t s s t a r t i n g point, a stream c a l l e d Roaring Meg, where 'the 
water tower might have stood. I n -1952 the foundati ohs of" 
three more p i e r s of the aqueduct, near the stream, were un-
covered 00. One of these p i e r s , l a r g e r than the others, had a 
hollow which could conceivably have been the s i t e of a force 
pump. The ground i n t h i s r e g i o n was probably covered by a 
pool, and t h i s would be n e c e s s a r y f o r a force pump, which can 
only work "drowned". P o s s i b l y , t h e r e f o r e , water was pumped 
d i r e c t l y i n t o the aqueduct. Large n a i l s found nearby suggested 
that the p i e r s of the aqueduct were not arched but were 
spanned by timber. 
Lindum i s a l s o unique as having the only known Roman 
planned underground sewerage system i n B r i t a i n . T h i s was 
traced i n 1838(5) f o r 100 yards; i t was 4£ f t . high and 
(1) "Long, d i v i s i o n or m u l t i p l i c a t i o n had to be done by cumul-
a t i v e s u b t r a c t i o n s or a d d i t i o n s ; and i n sum, the wonders 
of Roman a r c h i t e c t u r e and engineering seem even more en-
hanced when viewed a g a i n s t t h e i r p r i m i t i v e mathematical 
background" (G.C.Boon, "Roman S i l c h e s t e r , " 116; London,1957)> 
"..that m i s c a l c u l a t i o n s could be made i s shown by the case of 
L e i c e s t e r , where the aqueduct, now represented by the Raw 
Dykes, seems never to have been f i n i s h e d , and was never used. 
Here, as i n many other towns, water was obtained from the 
r i v e r and from w e l l s . " (A .L .ET.Rivet, " Town and Country i n 
Roman B r i t a i n " , 88; London, 1958). 
(2) Arch.Jour.,19^6,CIII,36-37- (3) J.R.S.,1952, X L I I , 94. 
(4) J.R.S., 1953, X L I I , 114. (5) Arch.Jour., XL, 319 and 
XLI.320, quoted by 
I.A. Richmond. -
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2 f t . k i n . wide .; L a t e r a l sewers j o i n e d i t , and house d r a i n s 
lh i n . square r a n . i n t o a l l (see Fig.18 , from a nineteenth 
century e n g r a v i n g ( l ) ) . At i n t e r v a l s there were s h a f t s or 
man-holes to f a c i l i t a t e c l e a n i n g and i n s p e c t i o n . I n c o n t r a s t , 
S i l c h e s t e r f o r example, seems to have had no proper drainage 
system nor do the houses appear to have had drained l a t r i n e s v ^ / . 
At Wroxeter the l e a t was tapped a t some points by s l u i c e s f o r 
f l u s h i n g p r i v a t e l a t r i n e s ( 3 / . The same source of water was 
a l s o connected to lead and wooden p i p e - l i n e s f o r d r i n k i n g 
purposes. Wooden p i p e - l i n e s , j o i n e d by i r o n c o l l a r s , are 
known a t Corinium ( C i r e n c e s t e r ) , C a l l e v a ( S i l c h e s t e r ) , Venta 
Silurnum (Caerwent), Venta Icenorum (Caister-by-Norwich) v**-) 
and Verulamium ( S t . Albans). ( 5 ) 
S i l c h e s t e r provided a very remarkable f i n d i n connection 
with h y d r a u l i c s : I n 1895 Hope and Fox recovered from a rubbish 
p i t i n I n s u l a XIV a block of oak,' some 22-§- inches long, 
c o n t a i n i n g two lead p i p e s ( ^ ) (see F i g . : 19 ) . There were a l s o 
hollows or passages i n the block i n d i c a t i n g that .other pipes 
had o r i g i n a l l y e x i s t e d therein,and i n one of these branch 
passages was found a s m a l l leaden weight "such as might have 
been f i x e d on the upper s u r f a c e of a l e a t h e r v a l v e by means 
of a r i v e t p assing through, to the underside." J.T.' Micklethwaite 
pointed out that the whole contrivance was s i m i l a r to the force 
pump described by V i t r u v i u s w ) as t h e . " C t e s i b i c a Machina," and 
t h i s enabled the S i l c h e s t e r f i n d to be r e s t o r e d as i n F i g . 20 » 
from which i t s i d e n t i t y w i t h a force pump i s c l e a r . 
Water-wheels of the undershot type were known to the 
Romans, and i n B r i t a i n they were employed f o r working f l o u r 
m i l l s a t three points on the V a i l : a t Chesters, u s i n g the 
water of the North Tyne; a t .Haltwhistle burn; and a t Willow-
ford, u s i n g the r i v e r I r t h i n g . At Chesters the stone hub of 
the undershot waterwheel, w i t h e i g h t holes fo r the wheel spokes, 
can s t i l l be seen. Part of the wooden wheel of the H a l t w h i s t l e 
burn m i l l were found i n 1908, and i t s l a r g e m i l l stones are i n 
the Chesters museum* At Willowford the bed of the stream was 
paved where the water-wheel operated, and a stone spindl§y . 
bearing f o r e i t h e r the wheel or the m i l l stones was found'*'. 
Hub cores s i m i l a r to the Chesters specimen have r e c e n t l y been 
found a t L i n c o l n (9 ) . 
Reproduced by A . B i r l e y , " L i f e i n Roman Britain"(London, 1 9 
G.C. Boon, "Roman S i l c h e s t e r , " l 6 l ,(London, 1957). 
(3) A. B i r l e y , " L i f e i n Roman B r i t a i n , " 70,(London, 1964). 
(k) I.A. Richmond, "Roman B r i t a i n , " 1 0 6 ,(Pelican H i s t o r y of 
England, 1963). 
(5) J.R.S., 1959, XLIX, 123, 
(6) W.H.St.John Hope & George E. Fox, Arch . ,1896 , LV, 232. 
(7) V i t r u v i u s , De A r c h i t e c t u r a , X, x i i . 
(8) J . Collingwood Bruce, o p . c i t . , 85, 152, 172. 
(9) I.A. Richmond, o p . c i t . 
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CERAMICS: 
KILNS 
The p o t t e r ' s a r t i s one of the o l d e s t c r a f t s i n the 
h i s t o r y of mankind. Exca v a t i o n s i n Europe show that ceramics 
go back a t l e a s t to the N e o l i t h i c age. F i g . 21 • shows a 
group of European N e o l i t h i c pottery, c.2000-1500 B.C., i n the 
B r i t i s h Museum. Reading from l e f t to r i g h t the p i e c e s a r e : 
Western N e o l i t h i c bowl from J e r s e y , diameter d\ i n . , Corded 
Beaker from near Merseberg, Germany, height 5i? i n . , and a 
bowl from near Mainz, hei g h t 3"2" i n . . P r e h i s t o r i c ceramic 
p i e c e s have been found i n most c o n t i n e n t s , notably i n North 
and South America, .which suggests that the c r a f t must have 
s t a r t e d spontaneously i n v a r i o u s p a r t s of the world, probably 
wherever rudimentary c i v i l i s a t i o n s had become e s t a b l i s h e d . I n 
the Old World, the most a n c i e n t p o t t e r y so f a r discovered has 
come from the N i l e V a l l e y . The po t t e r ' s wheel was used i n 
the e a r l i e s t times by the Egyptians, the Babylonians and 
P e r s i a n s , and with outstanding s k i l l by the Greeks. From a 
comparison of Greek and Roman potter y i t i s c l e a r t h at the 
Romans based much of t h e i r work on Greek o r i g i n a l s ; where 
the Romans e x c e l l e d was i n the more u t i l i t a r i a n aid p r a c t i c a l 
a r t s of making b r i c k s and t i l e s , and the c o n s t r u c t i o n of 
b r i c k b u i l d i n g s . The Roman armies took the c r a f t of- b r i c k 
and t i l e making i n t o a l l the^coTTon^s of the Empire, and i n 
B r i t a i n , as on the Continent/•-grpiffe of the more important 
' f a c t o r i e s ' f o r these b u i l d i n g m a t e r i a l s are t h e r e f o r e found 
i n a s s o c i a t i o n with m i l i t a r y s i t e s . 
The l a r g e number of k i l n s d i scovered a l l over B r i t a i n 
shows, however, that pottery was made wherever there was a 
need f o r i t . There would be no r e s t r i c t i o n as to l o c a t i o n , 
because the two e s s e n t i a l m a t e r i a l s , c l a y and f u e l , were 
a v a i l a b l e anywhere: c l a y was to hand simply f o r s u r f a c e 
digging, and i n a dense l y - f ores ted country the f u e l -:wood •=> 
presented no problem. I n the New F o r e s t there are many k i l n 
s i t e s , probably because the New F o r e s t p o t t e r s moved fr e q u e n t l y , 
f o l l o w i n g the f u e l ; as one area became denuded of brushwood 
they would move .on to a new s i t e , perhaps ta k i n g the more 
important p a r t s of t h e i r k i l n s w i t h them. 
T h i s they could do because the k i l n s were of the 
s i m p l e s t c o n s t r u c t i o n . A t y p i c a l k i l n ( l ) c o n s i s t e d of a 
c i r c u l a r or oval combustion chamber formed by digging a hole 
i n the ground, a c l a y hearth at ground l e v e l , covering the 
( l ) See Heywood Sumner, "Excavations i n New F o r e s t Roman 
Pottery S i t e s " , London, 1927. 
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combustion chamber (except f o r a f i r i n g hole through which 
f u e l would be f e d ) , and a dome of wattle-work covered with 
e a r t h . The he a r t h was pi e r c e d w i t h holes to allow the hot 
gases from the combustion chamber to enter the dome and 
c i r c u l a t e around the ware which had, of course, been placed 
on the hearth before the dome was co n s t r u c t e d . The dome 
i t s e l f would have a vent hole, or even .a s m a l l c l a y chimney, 
through which the products of combustion could escape and 
thus maintain a through draught i n .the k i l n . I n the course 
of repeated f i r i n g s the hear t h and the s i d e s of the combustion 
cnamber, and the chimney, would become hard and more or l e s s 
v i t r i f i e d . These f i r e d and f u l l y shrunk s e c t i o n s of the k i l n s 
would be the p a r t s which the po t t e r s would take with them on 
moving to a new s i t e , because they would f a c i l i t a t e the con-
s t r u c t i o n of a new k i l n and enable i t to c a r r y a u s e f u l charge 
of ware, even .on i t s f i r s t f i r i n g , without r i s k of the he a r t h 
c o l l a p s i n g (which could happen with a new, u n f i r e d c l a y . 
h e a r t h ) . To r e t r i e v e the f i r e d ware the dome would be c a r e -
f u l l y broken away a f t e r each f i r i n g , and i t would have to be 
r e b u i l t f o r the'next run. A New.Forest k i l n i s shown i n 
F i g * 37 opposite page 37 • 
K i l n Types • 
K i l n s of more s o p h i s t i c a t e d design are found near 
settlements and m i l i t a r y site's, but i n g e n e r a l , excavation 
and d i s c o v e r y have not r e v e a l e d any sequence of development 
towards the i d e a l k i l n ; d i f f e r e n t methods of c o n s t r u c t i o n 
are found s i d e by si d e on the same s i t e and have apparently 
been i n use i n a l l " p e r i o d s . W.F. Grimes has c l a s s i f i e d the 
vari o u s types of k i l n . (1) He puts the k i l n s i n t o two 
ca t e g o r i e s according to the way i n which the hot gases moved 
through the s t r u c t u r e : 
A. Updraught k i l n s 
B. Horizontal-draught k i l n s 
Updraught k i l n s c o n s i s t e d of two superimposed chambers 
as i n the New F o r e s t k i l n a l r e a d y described, the lower 
providing the combustion space and the upper the f i r i n g 
space or oven; the products of combustion passed upwards 
from the f i r e through holes i n the oven f l o o r and then 
through vents or a chimney i n the topmost pa r t of the oven. 
( l ) W.F. Grimes, "Holt, Denbighshire: The Works-Depot of the 
Twentieth Legion a t C a s t l e Lyons", Y Cymmrodor 1930, 
XLI . 5 3 . - • . • 
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The oven was either.dome-shaped or b u i l t w ith high v e r t i c a l 
w a l l s . I n the l a t t e r case some s o r t of vented roof would 
be necessary, but the exact nature of the s u p e r s t r u c t u r e i s 
d i f f i c u l t to c o n j e c t u r e because so l i t t l e of any of these 
k i l n s has s u r v i v e d above the f i r s t foot or so of t h e i r h e i g h t . 
The v e r t i c a l - w a l l e d ovens were probably used i n the l a r g e r t i l e 
k i l n s which were g e n e r a l l y r e c t a n g u l a r i n shape. These r e c t -
angular k i l n s f i r e d t i l e s and pottery, but the round or oval 
k i l n s - which are commonest i n B r i t a i n - seem to have been 
used only f o r p o t t e r y and never f o r t i l e s , perhaps because 
they are too small to have accommodated a u s e f u l load of t i l e s . 
The combustion chamber of these updraught k i l n s was 
u s u a l l y constructed below ground l e v e l ; t h i s probably reduced 
the e f f e c t of v a r i a b l e winds on the f i r e , and enabled the 
f l o o r or h e a r t h of the oven to be a t ground l e v e l which made 
fo r economy of labour i n s e t t i n g and drawing the ware. The 
p i t forming the combustion space was o f t e n l i n e d w i t h stones, 
forming a s o l i d periphery f o r supporting the oven. 
The p r i n c i p a l m a t e r i a l of c o n s t r u c t i o n f o r a l l v a r i e t i e s 
of k i l n was n a t u r a l l y c l a y , e i t h e r i n the raw or f i r e d s t a t e . 
-The p o t t e r s would soon a p p r e c i a t e the s u p e r i o r s t r e n g t h of 
f i r e d c l a y as a c o n s t r u c t i o n a l m a t e r i a l , and i t i s found i n 
k i l n s ei/ther as t i l e s or b r i c k s , or as a form of r e f r a c t o r y 
'concrete' which c o n s i s t e d of c l a y c o n t a i n i n g t i l e or p o t t e r y 
fragments. Large k i l n s were f r e q u e n t l y strengthened by an 
e x t e r n a l c a s i n g of masonry. I n t e r n a l l y , the problem which 
faced the k i l n b u i l d e r s was the supporting of the k i l n h e a r t h 
w i t h i t s load of ware. Fig.22 , taken from Grimes, i l l u s t r a t e s 
some t y p i c a l s o l u t i o n s i n the case of round k i l n s , which we 
s h a l l now d e s c r i b e : 
I n the R a d l e t t k i l n ( i ) * the h e a r t h i s supported by a 
tongue-like column extending from the back w a l l to the centre 
of the combustion chamber, i n l i n e w i t h the f i r e - h o l e or f l u e . 
The periphery of the hearth i s c a r r i e d on the c i r c u m f e r e n t i a l 
l i n i n g of the combustion space. I n the Castor k i l n ( i l a ) a 
c e n t r a l , i s o l a t e d , p e d e s t a l i s used to support a hearth of 
t r i a n g u l a r , perforated t i l e s . The form of t h i s p e d e s t a l 
v a r i e d ; i n some cases (e.g., London, S t . P a u l ' s ) i t was a . 
simple c y l i n d e r , i n others (Shoebury; C a s t o r ) i t was an i n -
verted, truncated cone. I n s t e a d of a c e n t r a l column, the New 
F o r e s t k i l n ( I I I ) had a s e r i e s of c i r c u m f e r e n t i a l columns 
( " p i l a s t e r s " ) protruding from the w a l l of the combustion 
'chamber. The C a s t l e Howard k i l n s ( i v ) have no supports 
* Roman numerals i n brackets are k i l n type numbers (Grimes' 
c l a s s i f i c a t i o n ) . 
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except i n so f a r as the l i n i n g of the combustion chamber 
supports the circumference of the h e a r t h . Probably the 
h e a r t h was made t h i c k f o r s t r e n g t h and was supported - f o r 
the f i r s t f i r i n g of the k i l n - by a wooden framework which 
was g r a d u a l l y consumed i n the course of the i n i t i a l f i r i n g ; 
afterwards the baked h e a r t h would presumably be strong 
enough to stand alone. The Castle. Howard k i l n s i l l u s t r a t e 
grouping around a common stoke-hole; t h i s arrangement i s 
a l s o found a t S i l c h e s t e r ( i ) and a t S t . P a u l ' s , London.( 2) 
The New F o r e s t k i l n (v) i s i l l u s t r a t e d to show a unique st e p 
i n the f l o o r of the combustion chamber, perhaps intended to 
fo r c e the hot gases upwards i n the region f u r t h e s t from the 
stoke-hole where the f i r e would be weakest. A complicated 
under-hearth s t r u c t u r e was found i n a k i l n excavated a t 
Cantley, near Doncaster, which had three permanent c y l i n d r i c a l 
p l i n t h s and two r e c t a n g u l a r removable p l i n t h s supporting a 
f l o o r of c l a y fire-rbars (3) (see F i g * 23 ) • The round k i l n 
of most advanced design i s that found a t Holt ( V I ) ; here 
the oven f l o o r or he a r t h i s supported by s e v e r a l w a l l s b u i l t 
a c r o s s the combustion cnamber. T h i s k i l n i s shown i n d e t a i l 
i n F i g . 24 , and the s u p e r i o r i t y of i t s design i n comparison 
with the other round k i l n s of F i g . 22 i s e v i d e n t . Not only i s 
the hearth b e t t e r supported, but the symmetry of the t r a n s v e r s e 
supports permits a correspondingly uniform spacing of the 
heart h vent-holes; moreover, the vents can be more numerous 
without r i s k of weakening the h e a r t h . The d i s t r i b u t i o n of 
heat i n the oven of t h i s k i l n must have been f a r more uniform 
than i n k i l n s of the Shoebury type where the l a r g e c e n t r a l 
support f o r the he a r t h not only c u t s o f f heat from the middle 
of the hear t h but a d v e r s e l y crowds the r e l a t i v e l y few vent-
holes which can be s a f e l y allowed i n the unsupported p e r i p h e r a l 
region. 
The h o r i z o n t a l - d r a u g h t type of k i l n c o n s i s t e d simply of 
an oven with a furnace a t one end and an e x i t f l u e a t the 
other, a l l i n l i n e . Here there was no hot hearth to be 
supported, but the bottommost l a y e r of p o t t e r y must have been in 
some way r a i s e d above the f l o o r of the oven to enable the base 
of each piece to r e c e i v e s u f f i c i e n t heat, otherwise the bottom 
l a y e r of ware would be u n d e r - f i r e d owing to the c h i l l i n g e f f e c t 
of the unheated oven f l o o r . . One can imagine the imperfect 
ware or "wasters" from previous f i r i n g s being arranged on the 
oven hearth to serve as supports f o r the lowest l a y e r of "green" 
u n f i r e d ware. T h i s type of k i l n i s i l l u s t r a t e d by the Farnham 
k i l n ( V T l ) i n F i g . 22 , which r e p r e s e n t s one of a group found 
(1) Arch., L X I I , 327. 
(2) R.C.H.M., Roman London, l 4 0 . 
(3) J.R.S., 1960, L.22Q. 
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a t Farnham, Surrey, and used f o r f i r i n g p o t t e r y , ( l ) The 
oval or c i r c u l a r oven was domed, and b u i l t of c l a y . The 
flues" and f i r e p l a c e were t r i a n g u l a r i n s e c t i o n and the f i r e -
place was roofed with a r e c t a n g u l a r t i l e . The chimney i n 
the example shown was b u i l t of s l a b s of i r o n s t o n e . * 
Rectangular k i l n s are comparatively r a r e i n B r i t a i n , 
but those recorded are s i m i l a r i n regard to the method of 
supporting the oven f l o o r which, as i n the Holt round k i l n 
d e s c r i b e d e a r l i e r , was supported by w a l l s b u i l t t r a n s v e r s e l y 
i n the combustion chamber. These w a l l s d i v i d e the main 
combustion chamber i n t o cross-chambers, or " c r o s s - f l u e s " , and 
Grimes has c l a s s i f i e d r e c t a n g u l a r k i l n s according to the 
p o s i t i o n of the bottoms of the c r o s s - f l u e s r e l a t i v e l y to the 
main f l u e which, of course, runs lengthwise along the com-
bustion chamber and a t r i g h t angles to the c r o s s - f l u e s . His 
three types are shown i n F i g . 26 . I n the Mumrills k i l n ( l ) 
the bottoms of the c r o s s - f l u e s are l e v e l w ith the bottom of 
the main f l u e ; i n the C o l c h e s t e r k i l n ( i l ) the c r o s s f l u e 
bottoms are h o r i z o n t a l but are above the base of the main 
f l u e ; i n the Holt r e c t a n g u l a r k i l n s ( i l l ) the c r o s s - f l u e 
bottoms slope upwards and are above the f l o o r of the main f l u e . 
Compared with the others the Holt design has the advantage, that 
ash would be u n l i k e l y to lodge i n the c r o s s - f l u e s r the s l o p i n g 
bottoms would tend to r e t u r n any ash to the f l o o r of the main 
f l u e from which i t could e a s i l y be removed a t the end of a 
f i r i n g . A f u r t h e r point i s that the upward slope of the c r o s s -
f l u e s would a i d the n a t u r a l convection of the hot gases and so 
h e l p towards an even d i s t r i b u t i o n of heat i n the oven. 
The Works-Depot of the Twentieth Legion 
At the beginning of t h i s s e c t i o n r e f e r e n c e was made to 
" f a c t o r i e s " found i n a s s o c i a t i o n with m i l i t a r y s i t e s . The • 
term f a c t o r y i s p a r t i c u l a r l y appropriate when d e s c r i b i n g the 
s i t e a t Holt, Denbighshire, which was the works-depot of the 
Twentieth legion.C^T Holt combines the advantages of e x c e l l e n t 
c l a y f o r p o t t e r y and t i l e - m a k i n g , good b u i l d i n g stone (the 
outcrops of the red Bunter sandstone, which occur on both s i d e s 
of the nearby R i v e r Dee), and an e a s y waterway to Chester. 
Here the l e g i o n g a r r i s o n i n g Chester e s t a b l i s h e d , i n the l a t e r 
part of the f i r s t century, a t i l e and p o t t e r y works f o r i t s 
own use and i n connection with the r e - b u i l d i n g i n stone of the 
e a r l i e r e a r t h and timber f o r t r e s s . I t i s i n t e r e s t i n g to r e c o r d 
that when the s i t e was i d e n t i f i e d ( 3 ) and excavations began, 
(1) Surrey Arch. C o l l s . , X I I 151; V.C.H.Surrey,. I , 362. 
(2) T h i s account i s based on W.F. Grimes, o p . c i t . . 
(3) By A.N. Palmer, Arch. Camb., 1906, 217-40. 
* See a l s o Overwey. T i l f o r d K i l n ( F i g s . 25a & b ) ; P. Corder, Arch.Jour. 1957, CXIV, 24 and* " 
A.J. C l a r k , Surrey Arch. C o l l s . , 19^9, L I , 29. 
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a Bronze-Age u r n - b u r i a l was discovered w i t h i n a few yards 
of the outer boundary of the s i t e , which suggests that the 
l o c a l c l a y was worked long before the Romans. 
The r e s u l t of the excavations was to r e v e a l an e l a b o r a t e l y 
planned i n d u s t r i a l settlement f o r the manufacture of t i l e s and 
pottery, covering some twenty a c r e s . The b u i l d i n g s f a l l i n t o 
two main c a t e g o r i e s : 
1. Domestic b u i l d i n g s . 
( i ) The workmen's barrack-blocks 
( i i ) The bath b u i l d i n g 
( i i i ) A dwelling-house 
2. I n d u s t r i a l b u i l d i n g s . 
( i ) Two s e t s of workshops and a drying-shed 
( i i ) A double-flue k i l n 
( i i i ) The main k i l n - p l a n t 
( i v ) The c l a y - p i t s 
I n a d d i t i o n , the ground i n the immediate neighbourhood of the 
k i l n s r e v e a l e d a complex of s u b s i d i a r y s i t e s on which many of 
the processes must have been c a r r i e d out. 
The double-flue k i l n [ " ~ ^\ J was a massive s t r u c t u r e 
with an oven f l o o r about 18 f t . 6 i n . square. I t had the 
e x c e l l e n t system of c r o s s - f l u e s c h a r a c t e r i s t i c of a l l the Holt 
k i l n s , and i t was used f o r f i r i n g p o t t e r y . The outside was 
protected by a c a s i n g of sandstone masonry w i t h i n which the 
k i l n proper w a s . b u i l t of t i l e s , not the ordinary t i l e s man-
ufactured f o r the use of the f o r t r e s s , but c r u d e l y made t i l e s 
of v a r i o u s s i z e s and t h i c k n e s s e s , those i n the k i l n - l i n i n g 
being 15 inches square. W.F. Grimes considered t h i s k i l n to 
be unique, among a l l Roman kilns., i n having double f l u e s ; i n •> 
h i s opinion i t was probably an experiment on the p a r t of the 
Holt p o t t e r s a t b u i l d i n g a k i l n of e x c e p t i o n a l l y l a r g e c a p a c i t y , 
on the l i n e s of the s i n g l e f l u e c r o s s - w a l l e d type but having * 
two f i r e s to provide the e x t r a heat n e c e s s a r y . 
The.main k i l n - p l a n t ( F i g . 27 ) had an o v e r a l l length of 
136 f e e t and a maximum width of 58-g- f e e t . ' There were o r i g i n a l l y 
seven k i l n s , four devoted to potter y and three to t i l e s . At a 
l a t e r date the round pottery k i l n ( a l r e a d y d e s c r i b e d when dis-^ 
c u s s i n g k i l n types) was b u i l t i n such a p o s i t i o n as to block 
the a c c e s s to No. 2 p o t t e r y k i l n ; i t was, t h e r e f o r e , e i t h e r 
the r e s u l t , or* the cause, of N o . 2 k i l n being abandoned. The 
pla n t as a whole i s one of the most i n t e r e s t i n g ever excavated, 
and i t i s a remarkable t r i b u t e to the t e c h n i c a l s k i l l of the 
Romans as k i l n b u i l d e r s . We s h a l l see l a t e r t h a t i t a l s o 
provides evidence of t h e i r a b i l i t y as p o t t e r s . 
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C o l c h e s t e r Red-gloss Ware k i l n . n 
I n 1933 a k i l n f o r f i r i n g r e d - g l o s s ware ("Samian M 
or " T e r r a S i g i l l a t a " ware, see Appendix I ) was excavated 
a t C o l c h e s t e r . T h i s k i l n , so f a r the only red-gloss k i l n to 
be found i n B r i t a i n , was the l a r g e s t of a p l a n t of four k i l n s 
b u i l t i n a p i t dug into, the h i l l s i d e a t Sheepen Farm and 
enclosed by a r e t a i n i n g w a l l . Only the v a u l t e d stoke-hole 
and the lower p a r t of the c e n t r a l f l u e , 15 f t . long, had 
s u r v i v e d i n t a c t , the upper pa r t had been e n t i r e l y fused i n t o 
a saucer-shaped mass of burnt c l a y , about 7 f t . i n diameter* 
On the s i t e there was a very l a r g e number of heavy and c a r e -
f u l l y made pottery r i n g s , "an i n c r e d i b l e q u a n t i t y of p o t t e r y 
tubes of d i f f e r e n t diameter, c l a y l u t i n g o b viously used i n . 
conjunction with them, curious stoppers and discs' which f i t 
to them, and small o b j e c t s l i k e chimney-pots".(i) . I n F i g . 28 
t y p i c a l r i n g s a r e depicted at 1 and 5» tubes a t 2, 3 and 8, 
stoppers at 6, 11, 12 and chimney-pots a t h, 9, 10, 13 and \h. 
M.R. H u l l ( l ) points out t h a t on the Continent tubes and 
r i n g s of the above type are found only on s i t e s where red-gloss 
ware has been made, and by comparison with G a u l i s h r e d - g l o s s 
k i l n s he h a s • r e c o n s t r u c t e d the C o l c h e s t e r k i l n (Fig.2 9 ) • The 
oven was round, and i t s circumference was l i n e d w i t h many 
v e r t i c a l s t a c k s of tubes, each s t a c k touching i t s neighbour 
( t y p i c a l s t a c k s a r e shown a t A,A and a l s o i n 'the l e f t - h a n d 
s e c t i o n of the plan view, F i g . 30 ) . Supplementing these 
c i r c u m f e r e n t i a l f l u e s were nine columns of tubes r i s i n g 
through the f l o o r of the k i l n (e.g., B, C, D, i n Fig.29 ; 
B, i l l u s t r a t e s a stopper, C and D chimney-pots); these 
' c e n t r a l ' columns of tubes were sleeved by tubes of s l i g h t l y 
l a r g e r diameter w i t h t h e i r j o i n t s staggered r e l a t i v e l y to 
the i n t e r n a l tubes, the e f f e c t being to i n c r e a s e the s t a b i l i t y 
of the column. F i n a l l y , each column was capped by one of the 
heavy r i n g s , E, which helped to support a t i l e d r o o f F (the 
imprint of a t i l e was found on one r i n g ) . The o b j e c t of the 
whole assembly was to provide a 'muffle' k i l n i n which none 
of the smoke or gas from the furnace could touch the ware, 
thus- ensuring the t r u l y o x i d i s i n g atmosphere which i s 
e s s e n t i a l f o r the f i r i n g of r e d - g l o s s ware. 
( l ) M.R. H u l l , "The Roman P o t t e r s ' K i l n s of C o l c h e s t e r " , 
Research Report XXI, Soc. A n t i q s . London, 19^3. ( H u l l 
excavated t h i s ' a n d other C o l c h e s t e r K i l n and b u r i a l s i t e s ) . 
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Temperatures a t t a i n e d i n Romano-British k i l n s . 
I n 195^ and 1956 some i n s t r u c t i v e experiments were 
c a r r i e d out a t W a t t i s f i e l d . , S u f f o l k , by F.J. Watson, 
Miss M. Bimson and J. Belshe, when r e p l i c a s of a simple 
pedestal type of k i l n were constructed and f i r e d . ( l ) A 
n e a r l y c i r c u l a r p i t some 21 i n . deep and k2 i n . diameter 
was dug near a disused g r a v e l p i t which was to serve as a 
stoke-hole. The p i t was l i n e d w i t h 3 to h i n . of cla y , and 
the -walls were c a r r i e d some 15 i n . above ground l e v e l . I n the 
centre a pedestal, 20 i n . by 22 i n . and 8 i n . h i g h was con-
s t r u c t e d . No f i r e - b a r s were used because i t was found possible 
to bridge the gap between the pedestal and the k i l n w a l l w i t h 
u n f i r e d pots.. These served t o support the remainder o f the 
charge, and by c a r e f u l p l a c i n g of the r e s t o f the pots i t was 
discovered t h a t the dome of the oven could be made much 
f l a t t e r than has h i t h e r t o been considered normal f o r ancient 
updraught k i l n s . Grass and twigs were placed on the "rounded 
o f f 1 1 topmost l a y e r of pots to prevent d i r e c t contact w i t h 
the dome, which was made from a t h i n l a y e r of the same cl a y 
as the w a l l s . 
F i r i n g occupied about 26 hours. For the f i r s t Ik hours 
only a slow temperature r i s e was pe r m i t t e d ; hard f i r i n g began 
at 7 a.m. on the second day and was continued f o r 12 hours. 
The f u e l was wood and brushwood, "using pieces as .thick as a 
man's w r i s t i n the e a r l i e r stages and f i n i s h i n g w i t h faggots 
of brushwood." Temperatures'were measured by thermocouples 
placed i n various parts o f the w a l l s d u r i n g the c o n s t r u c t i o n 
of the k i l n . 
I n September 195^ the maximum temperatures a t t a i n e d 
were 9 5 0 ° to 1 0 0 0 ° C, but i n October 1956 only 850© was 
achieved: "This time wet weather had s p o i l t the firewood, 
which needs to be t i n d e r - d r y . For such f i r i n g J u l y or 
( l ) F.J. Watson, "Romano«British K i l n : B u i l d i n g and F i r i n g a 
Replica", P o t t e r y Q u a r t e r l y , 1958, V, 7 2 . 
(A t a l k on "The W a t t i s f i e l d K i l n Experiment" was given by 
M» Bimson and J. Belshe to the Society of A n t i q u a r i e s on 
Oct. 24. 1 9 5 7 ) . 
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August would be a b e t t e r time than l a t e October."C 1) This 
suggests t h a t the f i r i n g of p o t t e r y i n p r i m i t i v e k i l n s may-
have been a seasonal a f f a i r , conducted perhaps mainly i n the 
period mid-summer to e a r l y autumn. 
I n the W a t t i s f i e l d experiments, reddish-coloured ware 
was obtained when the f i r i n g was done under o x i d i s i n g con-
d i t i o n s , and grey ware when an o x i d i s i n g f i r e -was followed by 
a period under reducing c o n d i t i o n s . The l a t t e r e f f e c t was 
achieved a t the end of the peak f i r i n g p e r iod by c a r e f u l l y 
s e a l i n g a l l vents and cracks i n the k i l n dome, also the 
furnace mouth, w i t h a mixture o f clay and sand, when there 
was s t i l l enough wood i n the stokehole to create and 
maintain a reducing atmosphere.* 
(1 ) Ivan McMeekin, "A Wood-burning K i l n , 11 P o t t e r y Q u a r t e r l y , 
1958, V, 59* describing- a modern b r i c k - b u i l t k i l n f o r use 
i n the w i l d s o f New South Wales, says "The wood must be 
seasoned. I t should be cut and s p l i t u n i f o r m l y to the 
r i g h t s i z e . " 
* See al s o page 3k, 
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CERAMICS: 
ROMANO-BRITISH POTTERY 
H i s t o r i c a l ( x ) 
Any survey o f Romano-British p o t t e r y would be incomplete 
i f i t were not r e l a t e d to the h i s t o r i c a l background o f ceramic 
development i n Europe. We have e a r l i e r stressed the extreme 
a n t i q u i t y of p o t t i n g ; from b u r i a l s i n B r i t a i n i t i s c l e a r t h a t 
ware o f a p r i m i t i v e k i n d had been made i n t h i s country from the 
e a r l i e s t times, but archaeologists have e s t a b l i s h e d t h a t i t was 
i n the Eastern Mediterranean t h a t the ceramic a r t s f i r s t 
a t t a i n e d t e c h n i c a l eminence, and i t was from the Eastern 
Mediterranean, probably Asia Minor, t h a t these advanced methods 
spread westwards across Europe. 
The ware which has the longest lineage, and which i n 
ancient Europe perhaps exerted most i n f l u e n c e a r t i s t i c a l l y , i s 
the famous Terra S i g i l l a t a , or red-gloss f i g u r e d ware. (2) 
The e a r l i e s t appearance o f a red-gloss f i n i s h was on "Pergamene 
p o t t e r y ' 3 ) , c h i e f l y large p l a t e s , bowls and cups, which 
appeared i n Athens i n the s i x t h century B.C. and has been found 
elsewhere i n Greece, i n Asia Minor, P a l e s t i n e and S y r i a , Egypt 
and North A f r i c a , and Cyprus. This d i s t r i b u t i o n suggests a 
manufacturing centre w i t h easy access t o the sea, probably a t 
the eastern end o f the Mediterranean. The ware had a dark red 
non-porous s k i n w i t h a moderate gloss; the d e c o r a t i o n was 
seldom i n r e l i e f but mainly impressed or i n c i s e d . Towards the 
end. o f the t h i r d century B.C. "Megarian" bowls became known i n 
the eastern Mediterranean. These bowls had, a t f i r s t , a black-
gloss f i n i s h , and most important o f a l l , they were decorated 
i n r e l i e f by pressing the c l a y i n t o a mould. Th e i r manufacture 
spread r a p i d l y over the H e l l e n i s t i c w o rld: moulds have been 
found, f o r example, a t Antioch, Sparta and i n South Russia. 
I n the course o f the second and f i r s t c e n t u r i e s B.C. red 
usurped black as the fashionable colour, and so red-gloss 
f i g u r e d bowls became e s t a b l i s h e d . 
( l ) B i b l i o g r a p h y f o r t h i s h i s t o r i c a l i n t r o d u c t i o n : 
Anthony B i r l e y , " L i f e i n Roman B r i t a i n " , (London,1964). 
R.J.Charleston, "Roman P o t t e r y " , (London, 1 9 5 5 ) . 
P. Oswald & T.D. Pryce, "An i n t r o d u c t i o n to the Study o f 
Terra S i g i l l a t a " , (London, 1 9 2 0 ) . 
I.A. Richmond, "Roman B r i t a i n " , ( P e l i c a n H i s t o r y of. 
England, 2nd edn. 1 9 6 3 ) . 
( 2 l The terms are explained i n Appendix I 
(3).' So-called because.it was once thought to have o r i g i n a t e d 
from Pergamum i n Asia Minor. 
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During the p e r i o d described above, a p o t t e r y industry-
was growing i n I t a l y , and I t a l i a n bowls s i m i l a r t o the 
Megarian type were being made from a t l e a s t the second 
century B.C. A centre o f p r o d u c t i o n o f black-gloss wares 
was A r r e t i u m (modern Arezzo, i n the province o f Tuscany). 
Quite suddenly, about 30 B.C., f i n e red-gloss Terra S i g i l l a t a 
emanated from A r r e t i u m . This b e a u t i f u l A r r e t i n e ware appears 
so a b r u p t l y i n ceramic h i s t o r y t h a t i t must have r e s u l t e d from 
a complete change i n outlook a t the place o f i t s o r i g i n . 
P o t t e r y stamps show t h a t the f i r s t products were from the f i r m 
o f Perennius, and t h a t the a r t i s t s i n the f i r m were Greeks. 
Charleston suggests t h a t one Marcus Perennius Tigranus brought 
a team of Greek p o t t e r s t o A r r e t i u m between 30 and 25 B.C., 
having chosen Arretium, w i t h i t s already e s t a b l i s h e d ceramic 
i n d u s t r y , as the centre o f f e r i n g the best scope f o r producing 
'Grecian' red-gloss ware. The V i c t o r y a t Actium (31 B.C.) and 
the f a l l of Alexandria (30 B.C.) had s h i f t e d the centre o f 
p o l i t i c a l and economic power from the East t o the Vest, and 
an e n t e r p r i s i n g master-potter could have migrated a c c o r d i n g l y . 
The manufacture of Terra S i g i l l a t a and red-gloss ware 
at A r r e t i u m l a s t e d from about 30 B.C. t o about 30 A.D.; d u r i n g 
t h i s p e riod A r r e t i n e p o t t e r y found i t s way a l l over the Roman 
Empire and even t o B r i t a i n and I n d i a . Then f o r some unknown 
reason A r r e t i u m declined i n s t a t u s and Mutina (modern Modena) 
rose i n importance as a centre f o r red-gloss ware. But a l l 
the. time there seems to have been a steady m i g r a t i o n of s k i l l e d 
red-gloss p o t t e r s from Northern I t a l y i n t o Gaul, and g r a d u a l l y 
f a c t o r i e s appeared, f i r s t i n southern Gaul and then spreading 
northwards as the p o t t e r y i n d u s t r y moved nearer to i t s best 
customers, the Roman legions and the newly romanised provinces. 
Ev e n t u a l l y , d u r i n g the second and t h i r d c e n t u r i e s A.D., small 
'Samian' or red-gloss p o t t e r i e s were i n production i n eastern 
Gaul and Germany. 
Oswald and Pryce, i n the map opposite, have depicted 
the many places where Terra S i g i l l a t a was produced. During 
the f i r s t and second ce n t u r i e s A.D. B r i t a i n imported most of 
i t s tableware from Gaul. Lezoux ware came to S i l c h e s t e r and 
Corbridge; La Madeleine ware has been found a t South Shields, 
and Lavoye and T r i e r a t Corbridge, t o mention o n l y a few 
instances, ( l ) 
( l ) Oswald and Pierce give an exhaustive l i s t , o f Gaulish 
S i g i l l a t a f i n d s i n B r i t a i n , w i t h p o t t e r s ' names. 
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Between 150 and 190 A.D. a cargo o f ware, e v i d e n t l y on i t s 
way i n t o the Thames estuary, was wrecked o f f the n o r t h Kentish 
coast on a rock which subsequently became known as Pudding 
Pan Rock, ( l ) During the e a r l y years o f the second century 
the imports o f coarse p o t t e r y (used f o r cooking) i n t o B r i t a i n 
were g i v i n g way to home production. Then i n 197 many Gaulish 
p o t t e r i e s were destroyed by the v i c t o r i o u s Severan troops 
plundering a f t e r the defeat o f A l b i n u s . As a consequence, 
a f t e r the end of the second century l i t t l e red-gloss Gaulish 
ware reached B r i t a i n , and f i n a l l y , i n the t h i r d century, 
barbarian i n v a s i o n and c i v i l war ruined the s u r v i v i n g f a c t o r i e s 
i n Gaul and the Rhineland. The stage was now set f o r the 
emergence o f d i s t i n c t i v e Romano B r i t i s h wares, and i n the 
course of time the p o s i t i o n became completely reversed so 
t h a t u l t i m a t e l y we f i n d Castor ware being exported to the 
Rhineland. 
Scope o f the present Survey 
From the enormous number o f specimens examined and 
c l a s s i f i e d i n the course o f ar c h a e o l o g i c a l research i n t o 
the p o t t e r y o f Roman B r i t a i n , c e r t a i n d i s t i n c t i v e types of 
ware have emerged which can be a t t r i b u t e d to f o u r important 
regions o f c i v i l i a n p r o duction: 
1. The Nene V a l l e y 
2 . The New Forest 
3 . Crambeck (North Yorkshire) 
k. Colchester 
I n a d d i t i o n to these, one m i l i t a r y centre, t h a t a t H o l t , 
Denbighshire, must be included because o f the unique nature 
of the f i n d s made the r e . We-shall discuss each o f these 
regions i n t u r n , concluding w i t h an account o f the evidence 
f o r the existence o f a maker o f i m i t a t i o n Samian ware 
(the "Aldgate P o t t e r " ) . 
Before proceeding, i t - should be mentioned t h a t the 
above areas o f production probably represent only a few o f 
the large' p o t t e r i e s i n Roman B r i t a i n . For example, a t 
Farnham i n Surrey there were k i l n s which supplied ware t o 
the Thames V a l l e y market, but i t i s c e r t a i n t h a t ^ " pother 
p o t t e r i e s , not a t present l o c a t e d , c o n t r i b u t e d to the same 
market. There are also vast q u a n t i t i e s o f cooking-pots which 
( l ) For an account see R.A. Smith, P.S.A., XXI, 268 & 599; 
X X I I , 395. 
32 
cannot as y e t be a t t r i b u t e d to a p a r t i c u l a r p o t t e r y s i t e ; 
among these are Derbyshire Ware and Dales Fare. Derbyshire 
Ware, . f i r s t d i s t i n g u i s h e d by R.G. Collingwood by i t s r i m -
type and f a b r i c , and studied as t o d i s t r i b u t i o n and date by 
J.P. Gi l l a m cannot so f a r be a t t r i b u t e d to a d e f i n i t e 
centre i n Derbyshire. Dales Ware, i d e n t i f i e d by Gi l l a m (2) 
and so named because o f i t s more frequent occurrence i n the 
Pennine dales, has no known place o f manufacture, although 
i t s d i s t r i b u t i o n suggests t h a t i t might have come from the 
colony o f York. The infe r e n c e i s t h a t there are s t i l l 
i mportant centres of p o t t e r y production y e t to be discovered. 
W r i t i n g i n 1930, W.F. Grimes ^3) published a topographical 
l i s t o f 101 Romano-British P o t t e r y s i t e s ; since then more 
evidence has been gathered and there i s obviously scope now 
f o r a comprehensive account o f p o t t e r i e s ' and p o t t e r y . 
However, as we are d e a l i n g w i t h c r a f t s i t i s proposed to 
confine the present survey t o those s i t e s which have produced 
e i t h e r a h i g h l y c h a r a c t e r i s t i c ware' o r w h i c h - i l l u s t r a t e a 
d e f i n i t e f e a t u r e of the potter''s technique. 'Rustic' ware 
deserves i n c l u s i o n on these grounds, and i t i s described 
i n Appendix . I I . 
The Nene V a l l e y 
-rue: , 
Peterborough i s the p r i n c i p a l .modern' c i t y in/Nene V a l l e y 
r e g i o n which we are now about to consider. A e r i a l -photography 
has shown many small s i t e s o f I r o n Age type i n the Nene 
Val l e y , and there was already an appreciable p o p u l a t i o n i n 
the area when the Romans' reached i t , about A.T). kk-k6, 
d u r i n g the conquest o f B r i t a i n . The b u i l d i n g of' a"Roman 
f o r t a t Durobrivae, Water Newton, to guard the crossing- of 
the Nene, and the c o n s t r u c t i o n o f Ermine S t r e e t , l i n k i n g 
the p o l i t i c a l c a p i t a l s o f London and York, would give an 
impetus to l o c a l c i v i l i a n settlement and would provide 
commercial o u t l e t s encouraging the development of the 
e x c e l l e n t Jurassic clays of the r e g i o n . During the Roman 
occupation the Nene V a l l e y was one o f the most h i g h l y 
i n d u s t r i a l i s e d areas i n B r i t a i n . There ,~was~extensive i r o n 
mining and smelting i n the Wansford d i s t r i c t , widespread 
q u a r r y i n g of stone f o r b u i l d i n g and f o r the stone c o f f i n s 
common i n the east Midlands, and p o t t e r i e s s t r e t c h i n g along 
the v a l l e y t o the west o f Peterborough. At l e a s t 70 k i l n 
( 1 ) J.P. Gillam, "Romano-British. Derbyshire Ware", A n t i q s . 
Jour., 1939, XIX, kZf. * 
(2 ) J.P. Gi l l a m , "Dales Ware: A d i s t i n c t i v e Romano-British 
Cooking-pot"?, A n t i q s . Jour., 1951.. XXXI, 154. 
(3 ) W.F. Grimes, o p . c i t . . 
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s i t e s have been excavated, and i t i s believed t h a t many 
more e x i s t , so t h a t the Nene V a l l e y must have been one of 
the c h i e f centres o f p o t t e r y production i n Roman B r i t a i n . 
The f i r s t excavations were made i n the e a r l y 19th 
century, s t a r t i n g about 1820, by E.T. A r t i s who was Agent 
to the . F i t z w i l l i a m s o f M i l t o n . His work from 1820 to 1827 
was published as a volume of engravings (l)» and he continued 
excavating u n t i l h i s death i n 1847. U n f o r t u n a t e l y h i s 
manuscripts are l o s t , but some of h i s p o t t e r y f i n d s are i n 
Peterborough Museum. . Modern excavations (1957-59) supervised 
by G. Webster. J.P. Gillam and B.R. H a r t l e y have been recorded 
by H a r t l e y (2) . 
A l l the Nene Va l l e y k i l n s excavated so f a r are c i r c u l a r 
i n plan, about 4 f t . i n diameter, and they are of the up-
draught v a r i e t y . I n p r a c t i c a l l y a l l cases a s i n g l e tongue-
shaped pedestal p r o j e c t s from the back w a l l o f 'the furnace, 
as i n Grimes' Type 1, Fig.-22 •. This tongue i s c l e a r l y shown 
.in the sketch ( F i g . 32 ) o f a k i l n excavated a t Sibson i n 
1844 ( 3 ) . I n one unique case,'A 1-kiln a t S t i b b i n g t o n , the 
tongue was p e r f o r a t e d to provide a d d i t i o n a l ingress f o r the 
hot gases i n t o the oven ('Fig.^3. ) At Water Newton a 
k i l n was found, abandoned, .with .pots s t i l l i n s i d e i t 
(Fig.3 4 ) ( 5 ) , the photograph suggests how the pots were 
grouped around the vents- i n the h e a r t h : ..they would be 
placed so as not completely to obscure the vents, and they 
would serve as supports f o r the second l a y e r o f pots which 
i n t u r n would support another l a y e r , and so on, the hot 
gases from the furnace r i s i n g .through the layers to.the 
o u t l e t i n the k i l n dome. 
The Nene Va l l e y k i l n s turned out a wide range of 
products which can be grouped i n t o three classes: coarse 
ware, m o r t a r i a , and colour-coated ware. The coarse ware, 
probably intended mainly f o r l o c a l use, was made i n grey, 
and o c c a s i o n a l l y , b u f f f a b r i c . The commonest form i s a 
wide-mouthed j a r ( F i g . 35, 4) , which may have been the 
(1 ) E.T. A r t i s , "The Durobrivae o f Antoninus I d e n t i f i e d 
and I l l u s t r a t e d " , (London, 1828). 
( 2 ) B r i a n R. H a r t l e y , "Notes on the Roman P o t t e r y I n d u s t r y 
i n the Nene Va l l e y " , Peterborough Museum Society, 
Occasional Papers No.2, (Peterborough, 1960). E a r l i e r 
reports, on the-Nene V a l l e y p o t t e r i e s are F.Haverfield, 
V.C.H. Northan-ts.,. 1 ,166, and M.V.Taylor, V.C.H. 
Hunts., 1,225* • 
(3> J.B.A.A. I I ( 1 8 4 7 ) , 164. 
(4) B r i a n R. H a r t l e y , o p . c i t . . 
(5) B r i a n R. H a r t l e y , op . c i t . , . Plate B. 
• 
> 
IK 
Water Newton, Kiln ('. showing pots letl when the kiln was 
• 
Fig.34 
i 
7 33t 
11 I 
6 
Fig 3S. Coarse ware, except 6-8 which are colour-coated. Scale i 
I' 
34 
standard cooking-pot o f the r e g i o n . Next i n order o f 
frequency are s t r a i g h t - s i d e d dishes and bowls,.of which 
5 i n F i g . 35 i s a t y p i c a l example. 
Roman cookery recipes demanded much mashing and 
g r i n d i n g o f the i n g r e d i e n t s (1) which was done i n wide, 
shallow mortars studded on the i n s i d e w i t h p a r t i c l e s o f 
g r i t to f a c i l i t a t e the process. M o r t a r i a are t h e r e f o r e 
found i n a l l i n h a b i t e d areas, but t h e i r manufacture seems 
to have been confined to a r e l a t i v e l y few p o t t e r i e s which 
s p e c i a l i s e d i n t h e i r mass prod u c t i o n . Jn consequence, the 
mor t a r i a made i n a given l o c a l i t y tend t o have a wide d i s t r i -
b u t i o n , and those from the Nene V a l l e y have been found a l l 
over the eastern counties and even on m i l i t a r y s i t e s i n the 
n o r t h , e.g., Corbridge.( 2 ) The g r i t which was embedded on 
the i n s i d e of m o r t a r i a , before f i r i n g , v a r i e s i n nature 
according to the l o c a l i t y and the pe r i o d o f pr o d u c t i o n . 
C a l c i t e ( n a t u r a l calcium carbonate), f i n e g r a v e l , and coarse 
sand were o f t e n used. I n the Nene V a l l e y products the g r i t 
i s i n v a r i a b l y angular fragments o f the l o c a l i r o n s t o n e . 
M o r t a r i a were t r a d i t i o n a l l y made i n l i g h t c o l o u r s ; those 
of Nene V a l l e y o r i g i n are o f white or cream body w i t h a 
b u f f or brownish c o a t i n g . 
I t i s f o r colour-coated p o t t e r y , which has become known 
as Castor ware (from the name o f the v i l l a g e to the n o r t h o f 
the s i t e o f Durobrivae), t h a t the Nene V a l l e y i s most famous. 
Castor ware e x h i b i t s a larg e range o f forms and o f decorations, 
but a l l examples are c h a r a c t e r i s t i c i n having a surface colour 
c o n t r a s t i n g s t r o n g l y w i t h t h a t of the body. The colour o f 
f i r e d c lay depends l a r g e l y on i t s i r o n content and the s t a t e 
of o x i d a t i o n o f the i r o n a f t e r f i r i n g . A ferr u g i n o u s c l a y 
f i r e d i n an o x i d i s i n g atmosphere w i l l , t u r n red, tan or brown 
according to the amount o f i r o n present and the temperature 
of the f i r e . . I f the same c l a y i s f i r e d i n a reducing a t -
mosphere i t s i r o n oxide i s reduced t o lower s t a t e s of 
o x i d a t i o n and the r e s u l t i s a grey, blue-grey or almost black* 
c o l o u r . The Nene V a l l e y c l a y i s r e l a t i v e l y low i n i r o n • 
content and t h e r e f o r e tends to f i r e o f f - w h i t e or b u f f . 
The coloured c o a t i n g seems t o have been produced by the 
a p p l i c a t i o n of a s p e c i a l s l i p made from a more fer r u g i n o u s 
(1 ) B. Flower & E. Rosenbaum, "Apicius: The Roman Cookery 
Book", (London, 1 9 5 8 ) . 
(2) See Page 208, J.P. Gillam, "Types o f Roman Coarse 
Po t t e r y Vessels i n Northern B r i t a i n " , Arch. AeL ,1957 
4 t h Series, XXXV, which gives a most comprehensive 
account and also mentions many f i n d s o f colour-coated 
Castor ware. 
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c l a y . Thus H a r t l e y records (1) t h a t a t the Sibson s i t e a 
large dump o f c l a y c o n t a i n i n g ironstone was found near the 
k i l n s , and judging by the fragments o f severely weathered 
p o t t e r y i n i t , the dump had been turned over from time to 
time. N e i t h e r the c l a y nor the ironstone i s n a t i v e to the 
s i t e , and the inference i s t h a t the gradual weathering o f the 
ironstone would increase the i r o n content o f the c l a y which 
could then be made i n t o a s l i p w i t h water f o r c o a t i n g the 
p o t t e r y . The co a t i n g seems u s u a l l y to have been ap p l i e d by 
ho l d i n g the pieces by the base and plunging them i n t o the 
s l i p ; ..many pots i n Peterborough Museum bear the p o t t e r ' s 
f i n g e r p r i n t s i n the colour-coat around the base. Careless 
d i p p i n g o f an i n v e r t e d pot could r e s u l t i n an i n t e r n a l 
a i r l o c k , so t h a t p a r t o f the inner.surface would never come 
i n contact .with the s l i p . The Museum has many specimens 
showing p a r t i a l i n t e r n a l coats o f t h i s k i n d . Sometimes, 
d u r i n g f i r i n g , j a r s were stacked so t h a t the base o f one 
sealed the mouth of the one on top o f i t , thus forming a 
space to which entrance o f oxygen.was r e s t r i c t e d , .the r e s u l t 
being t h a t the i n s i d e o f the upper j a r , and the base p a r t of 
the outside, o f the" lower j a r , .."fired to a colour d i f f e r e n t 
from the r e s t of the c o a t i n g . 
Much Castor ware was undecorated, such as the 
i m i t a t i o n s o f p l a i n Samian forms shown a t 7 & 8 i n 
F i g . 35* Moulded and stamped decor a t i o n i s r e l a t i v e l y 
scarce, but r o u l e t t e d decoration i s found on many forms. 
The "Castor box" (a d i s h , 17, w i t h f i t t i n g l i d , 18, Fig .3fe ) 
i l l u s t r a t e s t h i s k i n d of decoration, produced by h o l d i n g a 
toothed c y l i n d e r against.the p l a s t i c ware w h i l s t i t was 
spinning on the p o t t e r ' s w h e e l ( 2 ) . 
Perhaps the most outstanding type of decorated Castor 
ware i s t h a t on which the decoration i s by t r a i l e d s l i p 
("barbotine d e c o r a t i o n " ) . A t h i c k s l i p , probably o f the 
consistency o f toothpaste, was t r a i l e d over the surface o f 
the ware before d i p p i n g . This k i n d o f decoration lends 
i t s e l f n a t u r a l l y t o f l o w i n g s c r o l l s , and p a r t i c u l a r l y ' t o 
(1) B r i a n R. H a r t l e y , op. c i t . . 
(2) No r o u l e t t e s appear t o have been found i n B r i t a i n , but 
specimens i n baked c l a y and i n bronze have been found 
i n France (where the p r e f e r r e d term i s " m o l e t t e " ) . See 
pages 45-47, G. Chenet, "La ceramique gallo-romaine 
d'Argonne du I V e S i e c l e e t l a t e r r e s i g i l l e e - decoree a 
l a molette," (Macon, France, 1941)• 
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running animals as on the so - c a l l e d hunt-cups ( l on F i g . 36 , 
and the photograph, Fig.36b). W r i t i n g o f s l i p - d e c o r a t e d 
Castor ware, C h a r l e s t o n ( l ) says "The s c r o l l e d forms may be 
compared w i t h those o f C e l t i c metalwork, and the rendering 
of animals I n the f i g u r a l themes i s v i v i d l y reminiscent o f , 
f o r instance, the Vitham s h i e l d i n the B r i t i s h Museum. I t 
i s c u r i ous, and perhaps s i g n i f i c a n t , t h a t i n rendering 
g l a d i a t o r i a l and c i r c u s subje c t s , p o s s i b l y because they were 
Romanised features of Romano-British l i f e w i t h which he was 
u n f a m i l i a r , the p o t t e r seems hampered and i l l a t ease, whereas 
i n the hunting-scenes the f i g u r e s come u r g e n t l y to l i f e and 
press w i t h v i v i d movement round the perimeter .of the pot. 
The indebtedness o f these wares t o the Gaulish b a r b o t i n e -
decorated red-gloss pots can e a s i l y be detected, both i n 
t h e i r subjects and J>y the presence on both o f the i v y - l e a f 
motive, but the Castor p o t t e r seems to. r e v e l i n the emancip-
a t i o n from moulded de c o r a t i o n which the Gaulish p o t t e r had 
only t e n t a t i v e l y begun." B i r l e y (2) p o i n t s out t h a t "The 
f a n t a s t i c a l l y elongated form o f the animals i s i n the t r u e 
C e l t i c t r a d i t i o n ; w i t h the favoured s p i r a l form reappearing 
i n the shape o f leaves I n the end, the C e l t i c s t y l e 
s u rvived, and was t o reappear i n . the f i f t h and succeeding 
c e n t u r i e s . U l t i m a t e l y , w i t h new vig o u r given- from I r e l a n d 
i t was t o have a powerful e f f e c t on Anglo-Saxon a r t . " 
Before the end of the f i r s t century a t l e a s t one k i l n 
was a c t i v e a t Water Newton, and recent study suggests t h a t 
the p roduction of colour-coated ware began i n the second h a l f 
of the second century, although no second-century k i l n s have 
been located i n r e c e n t work. E a r l y t h i r d century k i l n s are 
found a t Water Newton, and by m i d - t h i r d century others were 
i n use a t Sibson. Late t h i r d and f o u r t h century k i l n s are 
known a t Chesterton and S t i b b i n g t o n . Production a t Sibson 
continued d u r i n g the f o u r t h century, but i t i s not c e r t a i n 
whether the Nene V a l l e y output continued i n t o the f i f t h 
century. However, the period late-second century to l a t e -
f o u r t h i s a remarkable span. The d i s t r i b u t i o n of the ware 
would be aided by the River Nene, which gave access t o the 
east coast through the Wash; and by the Car Dyke, the Roman 
canal which crossed the Cambridgeshire and L i n c o l n s h i r e Fens, 
j o i n i n g the Nene near Peterborough, and o f f e r i n g barge 
t r a n s p o r t to Cambridge on the one hand and York on the other; 
( l ) R.J.Charleston, "Roman P o t t e r y " , (London, 1955) . page 35 . 
(2} Anthony B i r l e y , " L i f e i n Roman B r i t a i n " , London, 196k, 
pages 159-160. 
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and p o s s i b l y by Ermine S t r e e t which gave road a c c e s s to both 
London and York, but perhaps produce as f r a g i l e as pottery 
was entrusted to water t r a n s p o r t r a t h e r than to ( s p r i n g l e s s ) 
c a r t s . G i l l a m (1) has recorded many f i n d s of Castor ware i n 
the north of England. Castor ware was even exported, notably 
to the Rhineland ( 2 ) . The only Nene V a l l e y p o t t e r known to 
us by name i s SENNXANVS, from a l a r g e t h i r d - c e n t u r y mortarium, 
i n Peterborough Museum, bearing a unique painted i n s c r i p t i o n 
on the rim: SENNXANVS DVROBRIVIS V R l ( T ) , i . e . , "Sennianus 
f i r e d t h i s a t Durobrivae. 1 1 
The New F o r e s t 
E a r l y excavations, about 1860, were made i n the New 
F o r e s t by J.P. B a r t l e t t and J.R. V i s e , but most of our 
knowledge i s due to Heywood Sumner who excavated i n the 
f i r s t q u a r t e r of the present century (3) ... 
The New F o r e s t k i l n s were e i t h e r p i l a s t e r e d (Grimes 
Type I I I , Fig.2 2 ) t or nad an unsupported 'platform' h e a r t h (Grimes Type V, F i g * 22 ) , although a t Linwood Sumner found 
a k i l n i n which a rounded tongue p r o j e c t e d i n t o the com-
busti o n chamber to give a d d i t i o n a l support to the he a r t h 
above ( c f . Grimes Type I , F i g . 2 2 ) . F i g . 37 i s Sumner's 
r e c o n s t r u c t i o n of No.l k i l n , Sloden I n c l o s u r e , being f i r e d ; 
i t i s obviously s i m i l a r i n c o n s t r u c t i o n to the Rough-piece, 
Linwood, k i l n i l l u s t r a t e d i n Fig..~38 
At I s l a n d s Thorns, near a k i l n s i t e excavated i n 1852, 
Sumner discovered evidence f o r a p o t t e r s ' hut. S i x post-
holes (some 9 i n . by 8 i n . by 9 i n . deep, others. 6. i n . by 5 i n . 
by 8 i n . ) w i t h decayed wood s t i l l adhering to them suggested 
the p l a n of a hut measuring 15^ f t . by 11 f t . , with entrances 
C & D to west and e a s t r e s p e c t i v e l y ( F i g . 39 ) • Sumner's 
r e s t o r e d s e c t i o n , showing wattle-work r e s t i n g on lean-to 
p r i n c i p a l s f i x e d i n the f l o o r and covered w i t h s k i n s or t u r f , 
(1 ) J.P. G i l l a m , o p . c i t . , Ref , 2 on page 34 • 
(2) Anthony B i r l e y , " L i f e i n Roman B r i t a i n " , (London, 1964 , ) 
page 128. 
(3) Heywood Sumner published "A d e s c r i p t i v e account of Roman 
Potte r y made a t Ashley R a i l s , New Forest"•(London, 1 9 1 9 ) » 
and "A .d e s c r i p t i v e account of Roman P o t t e r y s i t e s a t 
Sloden and Blac k Heath Meadow, Linwood, New F o r e s t " 
(London, 1921). I n 192? these books were out of p r i n t 
and Sumner then r e - i s s u e d them, with new matter, i n a 
combined volume "Excavations i n New F o r e s t Roman Pott e r y 
S i t e s , w i t h Plans and I l l u s t r a t i o n s of the Co n s t r u c t i o n 
of the Pottery. K i l n s , of the d i f f e r e n t "Wares made, and of 
a P o t t e r ' s Hut" (London, 1 9 2 7 ) . ' 
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the whole surrounded a t ground l e v e l by a low b u t t r e s s - l i k e 
w a l l of c l a y , was based on the e x i s t e n c e of an i r r e g u l a r . 
c l a y bank r i s i n g 6 to 9 i n . above the surrounding ground 
and 1 f t . 3 i n . above the hut f l o o r . The l a t t e r was of 
trodden c l a y l a i d on the undisturbed g r a v e l s u b s o i l . At 
the e a s t e r n entrance to the hut there was a f i r e p l a c e 
measuring 2 f t . 2 i n . by 1 f t . 9 i n . , and sunk 8 i n . i n t o 
the f l o o r . A remarkable f i n d was made amongst the rub b i s h 
i n the f i r e p l a c e : a toy flagon and beaker ( F i g . 40 ) . 
New F o r e s t p o t t e r y comprised a wide range of forms: 
flagons, vases, goblets and even c a n d l e s t i c k s , i n a d d i t i o n 
to the coarse p o t t e r y common to many Romano-British p o t t e r y 
s i t e s , that i s , j a r s , cooking pots and m o r t a r i a . A d i s t i n c t i v e 
f e a t u r e was the s i m p l i c i t y of i t s decoration and the complete 
absence of l i f e , human or animal. Whereas the Castor ware 
p o t t e r s often depicted hunting scenes and o c c a s i o n a l l y (and 
somewhat c l u m s i l y ) the human form, those i n the New F o r e s t 
kept to very simple running s c r o l l s or t r i a n g u l a r p a t t e r n s , 
to scored l i n e s on the s i d e s of the v e s s e l s or stamped 
r o s e t t e s . S c r o l l s and p a t t e r n s were i n white or red t r a i l e d 
s l i p . F i g . 41 shows a t y p i c a l New F o r e s t b o t t l e of dark 
earthenware w i t h t r a i l e d white s l i p decoration, and F i g . 
i s t y p i c a l of ware with scored l i n e ornamentation. Heywood 
Sumner, however, remarks on the New F o r e s t p o t t e r s ' f i n e 
i n s t i n c t f o r p l a s t i c form; t h e i r ware i s shapely and they 
handled c l a y w ith a n a t u r a l f e e l i n g f o r t h e i r medium. Thus 
i n F i g . 42 the handle of the j a r 'grows' out of the c l a y ; 
i t i s not merely 'stuck on'. Among the v a r i e t i e s of simple 
colour treatment noted by Sumner a r e : Buff body, coated, red 
or brown, or with a'fumed bl a c k s u r f a c e . Grey body, with 
brown-purple m e t a l l i c g l o s s , or fumed bl a c k . Dark grey 
body, or r e d d i s h body, coated white o u t s i d e . 
Sumner hoped to connect h i s New F o r e s t s i t e s w ith l a t e 
C e l t i c production, but he found no evidence "that B r i t i s h 
p o t t e r s preceded Romanised p o t t e r s here, or that a f t e r the 
Roman evacuation, subsequent p o t t e r s worked on New F o r e s t 
s i t e s " . He thought that "A.D. 250-350 marked the culmination 
of prosperous settlement (and of New F o r e s t p o t t e r y pro-
duction) i n t h i s p a r t of Roman B r i t a i n . " F u r t h e r excavation 
might, of course, modify these statements. An i n t e r e s t i n g 
point i s that although the products of New F o r e s t k i l n s are 
found on almost every .important Roman s i t e i n Southern 
B r i t a i n , t h e i r d i s t r i b u t i o n seems to be confined to the 
South; they do not appear i n the Midlands and the North, 
and they never reached the m i l i t a r y market. 
Hnlilr. dtii k nu llivnu in r uilli frmttfl it lull- slip tirc'iralniii, Inn/nl 
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Crambeck 
I n 1927 two p a i r s of Romano-British k i l n s were 
discovered near the Crambeck, about t h i r t e e n m i l e s n o r t h -
e a s t of York and f i v e m iles from the f o r t r e s s of M a l t o n ( l ) * 
E a r l i e r f i n d s of k i l n s i n the same neighbourhood were then 
recorded, and these, with the q u a n t i t y of pottery found, 
i n d i c a t e d t h at pottery manufacture had been, e x t e n s i v e i n 
the d i s t r i c t . I n 1936 two more k i l n s were found, (2) and 
the importance of Crambeck ware and i t s wide d i s t r i b u t i o n 
i n the northern m i l i t a r y a r e a i s now recognised. 
The Crambeck k i l n s were c i r c u l a r , not more than J ft. 6 i n . 
i n diameter, and were f i r e d i n . p a i r s from a common stoke-hole 
(See Grimes, Type IV. Fig.2 2 ) . The s m a l l diameter permitted 
the use of an unsupported c l a y f l o o r the formation of which 
has a l r e a d y been des c r i b e d (page 23 ) . Before the f i r s t f i r i n g , 
h o l e s were, made i n the f l o o r to a l l o w the gases from the 
furnace to enter the oven proper, and i t i s evident t h a t ,the 
absence of any. supporting p i l l a r s under the f l o o r has the 
great advantage of per m i t t i n g the heat to penetrate evenly 
over the e n t i r e area of the f l o o r . Fig.4 3 shows the con-
s t r u c t i o n of the Crambeck k i l n s very c l e a r l y . (3) 
The Crambeck p o t t e r s made a v a r i e t y of bowls, d i s h e s , 
j a r s , b o t t l e s and flagons, u s u a l l y i n a l i g h t grey or b l a c k 
body, with an i n c i s e d ' l i n e ' d e c o r a t i o n of v e r t i c a l and 
h o r i z o n t a l l i n e s , wavy l i n e s , or l i n e s i n a chevron p a t t e r n ; 
'SS* and pot-hook p a t t e r n s a l s o occur. One type of beaker 
i s r o u l e t t e d . There was a l s o a smooth white or ye l l o w i s h - w h i t e 
f a b r i c on which the dec o r a t i o n was painted i n orange-red. the 
patt e r n s being s i m i l a r to those used f o r the i n c i s e d d e c o r a t i o n . 
(1) P. Corder, "The Roman Pott e r y a t Crambeck, C a s t l e Howard, 
1928" (Roman Malton and D i s t r i c t Report N o . l ) . 
(2 ) "A P a i r of Fourth-century Romano-British P o t t e r y K i l n s 
near Crambeck ( P h i l i p Corder), with a note on the D i s t r i -
bution of Crambeck Ware (Margaret B i r l e y ) " , A n t i q s . 
J o u r n a l , 1937, X V I I , 392 . 
(3) A f t e r P h i l i p Corder, "The S t r u c t u r e of Romano-British 
P o t t e r y K i l n s , " Arch. J o u r . , 1 9 5 7 , CX1V, 10 ( F i g u r e from 
page 1 5 ) . 
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The v a r i o u s types are shown i n Figs. 4 4 , 45 and 46 . ( l ) 
What seems to have been a Crambeck s p e c i a l i t y was a 
h e m i s p h e r i c a l bowl i n an orange-red body of f i n e t e x t u r e , 
"a t o l e r a b l e i m i t a t i o n of Samian ware" (see Type 5» Fig . 4 5 ) . ' 
Some v e s s e l s bearing human fa c e s are known to have been 
manufactured, and a t Malton "a s p i r i t e d r e p r e s e n t a t i o n of a 
s t a g was found, as w e l l as a s e r i e s of s t a r s and c i r c l e s . 1 1 ( l ) 
Crambeck ware has been found a l l along the Wall, and 
as F i g . 47 ( l ) shows, i t had a wide d i s t r i b u t i o n i n the north 
of B r i t a i n , extending even over the f r o n t i e r i n t o Scotland 
(without naming every occurrence i n F i g . 47 , we might 
mention 36, T r a p r a i n Law ( 2 ) ; 27, Manchester; and 6, B r a n c a s t e r 
i n N o r f o l k ) . ( 3 ) 
Considering now the dating of Crambeck ware: Prof. E r i c 
B i r l e y , - w r i t i n g i n 1932, said (^T " I t i s becoming i n c r e a s i n g l y 
c l e a r t h at the p o t t e r i e s near Maiton, so f a r from s u f f e r i n g 
from the d i s a s t e r of 368, were able to capture v i r t u a l l y the 
whole of the northern market i n the l a s t phase of the Roman 
occupation." T h i s view has been confirmed by Margaret 
B i r l e y ' s study of Crambeck ware ( 5 ) ; she w r i t e s "There can 
therefore be no longer any doubt that the Crambeck p o t t e r i e s 
were i n f u l l production a f t e r the d i s a s t e r s of the P i c t s War 
of A.D.367" and " I t i s c e r t a i n that the most f l o u r i s h i n g 
period of the i n d u s t r y may be assigned to the l a s t t h i r t y 
y e a r s of the f o u r t h century, when the r e o r g a n i s a t i o n of the 
northern defences of the province -by Count.Theodosius l e d to 
an i n c r e a s e d demand f o r these wares." 
l ) Margaret B i r l e y , o p . c i t . i n Ref. 2 on page 39 • 
2; An i s o l a t e d h i l l near Haddington i n E a s t Lothian,some 
twenty miles e a s t of Edinburgh. 
(3) See Appendix I I I f o r the f u l l d i s t r i b u t i o n . 
(U) E r i c B i r l e y , Cumberland & Westmorland A. & A. Trans., 
XXXII, 135. 
(.5) Margaret B i r l e y , o p . c i t . . 
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C o l c h e s t e r 
M.R. H u l l has reported on the C o l c h e s t e r r e g i o n . (1) 
C o l c h e s t e r (Camulodunum) was one of the c e n t r e s where 
mortaria were manufactured; as a l r e a d y mentioned, these 
heavy and r a t h e r s p e c i a l i s e d p i e c e s seem to have been 'mass 
produced' a t a r e l a t i v e l y few p o t t e r i e s . Those from 
Camulodunum are known by the stamps of the C o l c h e s t e r 
p o t t e r s , and i t i s c e r t a i n t h at m o r t a r i a bearing these 
stamps were i n use i n the north before the end of the 
second century; they have been found on the Antonine V a i l , 
a t Corbridge and a t South S h i e l d s . The northern f r o n t i e r 
systems, and south-east B r i t a i n appear to have been the 
p r i n c i p a l markets f o r C o l c h e s t e r m o r t a r i a . F i g . 48 
i l l u s t r a t e s a t y p i c a l specimen ( C o l c h e s t e r & E s s e x Museum, 
C o l c h e s t e r ) . P l a t t e r s , bowls, j a r s and cooking pots were 
made i n a grey ware, but apparently only to a l i m i t e d 
extent; by f a r the g r e a t e s t i n bulk and weight of the 
p o t t e r y fragments found a t C o l c h e s t e r was a buff ware, some 
of which bore a red painted d e c o r a t i o n . 
C o l c h e s t e r , l i k e the Nene V a l l e y , produced a c o l o u r -
coated ware, but none of the l a r g e number of sherds found 
had a painted decoration. There was, H u l l says, "some 
considerable v a r i a t i o n i n f i n i s h and form. Some v e s s e l s 
show magnificent p o t t i n g and design, among them some 
f i n i s h e d a f i n e s h i n i n g black; others are a deep, s l a t e -
grey. These f i n e r v e s s e l s commonly have m u l t i p l e bands 
among the decoration. Some of the s m a l l e r beakers could 
be described as 'egg s h e l l ' ware and are every whit as f i n e 
as the best of the f i r s t century. I n a l l c a s e s the c o l o u r -
coated v e s s e l s are remarkably l i g h t i n weight.... The 
decoration used included v a r i o u s forms of barbotine-work, 
r o u l e t t i n g and sanding or rough-casting." 
However, i t i s f o r i t s r e d - g l o s s or Samian ware that 
we have included C o l c h e s t e r i n t h i s survey. The k i l n 
excavated by H u l l has a l r e a d y been described (page 26 )• 
F i g . 4 9 ( 2 ) shows a Samian ware, or T e r r a S i g i l l a t a , mould 
found a t C o l c h e s t e r . T e r r a S i g i l l a t a moulds- were made i n 
one piece and were v i r t u a l l y t h i c k - w a l l e d bowls of f i n e 
c l a y , the i n t e r i o r having the shape of the lower e x t e r i o r 
p r o f i l e of the v e s s e l r e q u i r e d . A f t e r the mould had been 
(1) M.R. H u l l , "The Roman.Potters• K i l n s of C o l c h e s t e r , " 
' Soc. A n t i q s . of London, Research Report XXI (Oxford, 
1963)•• H u l l published an e a r l i e r b r i e f account: "Eine 
T e r r a - s i g i l l a t a - T 6 p f e r e i i n C o l c h e s t e r " , Germania, 
193^, 18» 27 . 
(2) Reproduced from M.R. H u l l , o p . c i t . above. 
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'thrown* on the pot t e r ' s wheel, and w h i l s t the c l a y was 
s t i l l p l a s t i c , the i n t e r i o r was decorated by impressing i t 
with stamps, each stamp bearing a separate u n i t of the 
pa t t e r n . I n a l l preserved examples these stamps are of 
baked c l a y ; they could thus be used repeatedly, i n any 
combination or order. F i n a l l y , the gaps i n the p a t t e r n 
were f i l l e d - i n freehand, u s i n g a s t y l u s to i n c i s e such 
d e t a i l s as s c r o l l s , or the s t a l k s J o i n i n g the flowers and 
leaves i n a wreath. Rows of beads, or the ovolo p a t t e r n , 
were probably done with a wheel, as i n r o u l e t t i n g . Although' 
a s k i l l e d craftsman would probably do most of t h i s work by 
eye, a T e r r a S i g i l l a t a mould found a t York shows a f a i n t 
guiding l i n e through the r o s e t t e s a t the bottom of the 
mould* A f t e r decoration, the mould was allowed to dry and 
was then f i r e d , producing a hard, durable p i e c e i n which 
many p i e c e s of ware could subsequently be shaped, each 
reproducing i n cameo the i n t a g l i o design of the mould. 
Obviously, the mould could be no more than h e m i s p h e r i c a l 
otherwise the shaped ware could not be e x t r a c t e d from i t , 
and f o r the same reason any deep impressions i n the mould 
would have to l i e w e l l below the 'equator'. Also, the foot 
of the v e s s e l had to be added a f t e r removal from the mould. 
M.R. H u l l c o n s i d e r s that the C o l c h e s t e r k i l n s operated 
from about A.D.60 to about 350. He has no data to i n d i c a t e 
when the S i g i l l a t a k i l n was worked. The ware seems to have 
been used only l o c a l l y . 
H olt 
The excavator of the t i l e and pottery works of the 
Twentieth Legion a t C a s t l e Lyons, Holt, Denbighshire was 
T. Arthur Acton who began digging i n 1906 and died i n 1°25 
before p u b l i s h i n g a r e p o r t . I t was l e f t to W.F. Grimes t o 
study the s i t e and Acton's c o l l e c t i o n , and h i s comprehensive 
survey was published i n 193o( 1 ) . Acton's c o l l e c t i o n i s now 
i n the Welsh N a t i o n a l Museum a t C a r d i f f . 
Grimes concluded that the t i l e s and potter y made a t 
Holt were p r i m a r i l y intended f o r the l e g i o n a r y f o r t r e s s . On 
the Continent, t i l e r i e s f o r the supply of b u i l d i n g m a t e r i a l s 
to the le g i o n a r y and a u x i l i a r y f o r t s were common i n a l l 
( l ) W.F. Grimes, Y Cymmrodor, 1930, XL1, 1-235. 
F . H a v e r f i e l d made a p r e l i m i n a r y report i n "Roman 
B r i t a i n i n 191^", B r i t i s h Academy Supplemental Papers 
I I I (London, 1915). 
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m i l i t a r y a r e a s , and examples are found a t Hheinzabern, (1) 
Nied and Bonn, but these works apparently did not manufacture 
potte r y presumably because the many p o t t e r i e s s i t u a t e d near 
to the m i l i t a r y c e n t r e s rendered i t unnecessary f o r the 
German troops to make t h e i r own. The manufacture of po t t e r y 
a t Holt, t h e r e f o r e , suggests the absence of a l o c a l , or 
conveniently s i t u a t e d , c i v i l i a n p o t t e r y during the period 
of g r e a t e s t a c t i v i t y a t Holt (which, from the coins d i s -
covered, was probably from l a t e i n the f i r s t century to 
mid-second). 
The Holt p o t t e r s made a wide v a r i e t y of products, from 
coarse ware and mor t a r i a to 1 e g g s h e l l 1 ( 2 ) and f i n e ware, 
the l a t t e r i n c l u d i n g i m i t a t i o n s of Samian forms f o r which 
the l e g i o n a r y p o t t e r s seem to have had a p a r t i a l i t y . 
Coloured s l i p as a decoration was employed much as elsewhere 
i n Roman B r i t a i n , except f o r an i m i t a t i o n Samian s l i p of 
red or red-brown colour, a p p l i e d apparently with a brush. 
At Holt some ornamentation ( l e a v e s , human f i g u r e s , e t c . ) 
was c a r r i e d out i n an appli e d as d i s t i n c t from a moulded, 
technique. ( 3 ) F i g . 50 shows a c i r c u l a r stamp i n f i r e d c l a y , 
found a t Holt, with the head of S i l e n u s i n low r e l i e f . 
H a v e r f i e l d , and Grimes, suggest that t h i s was a master d i e 
intended to be used f o r making the p o t t e r s ' sunk d i e s i n 
which l i t t l e c l a y c a s t s would be.made and subsequently 
'applied', i n r e l i e f , to the ware. The opposite of a p p l i e d 
ornamentation i s stamped d e c o r a t i o n . T h i s form of decoration 
i s not uncommon i n Roman B r i t a i n ; i t has al r e a d y been 
mentioned i n connection with New F o r e s t p o t t e r y (page38 ) , 
but while the New F o r e s t potters' kept almost e n t i r e l y to 
r o s e t t e s the Holt stamped decorations were copied, as to 
design, from Samian prototypes. For t h i s reason Grimes 
co n s i d e r s that Holt stamped ware must be regarded "as an 
independent departure of the Holt p o t t e r s i n a new d i r e c t i o n , 
which cannot be c o r r e l a t e d with other stamped-wares, 
apparently of l a t e r date, produced here and on the Continent." 
F i g . 51 i l l u s t r a t e s a t y p i c a l fragment of the Holt stamped 
ware. 
(1 ) See map, opposite page 30 • Grimes points out remarkable 
s i m i l a r i t i e s between the Holt k i l n s and those•at 
Rheinzabern and Nied. 
(2) The term i s used to d e s c r i b e the t h i n , f i n e white p o t t e r y 
found on several*Romano-Britfeh s i t e s . That a t Holt was 
probably made from r e s i d u a l c l a y s of l i g h t colour which 
are a s s o c i a t e d with the carboniferous limestone of 
"> S F l i n t s h i r e and Denbighshire. 
(3 ) 'Applied' technique was not, of course, p e c u l i a r to Holt; 
examples occur elsewhere i n B r i t a i n . I n 1938 a mould f o r 
the purpose was found a t K e t t e r i n g , Northants. 
(see J.R.S., 1939, XXIX, 1 9 9 ) . 
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- I n t e r e s t i n g as the Holt p o t t e r y i s i n i t s own right., 
the outstanding f e a t u r e of Holt, from the ceramic aspect', 
i s the l i g h t which i t throws on the technique of g l a z i n g 
employed by the p o t t e r s . E x c a v a t i o n r e v e a l e d v a r i o u s 
v e s s e l s which had been glazed with green, brown or yellow 
glaze, and in. the case of green glazed ware Acton found 
saggars with a supporting piece and c l a y pads which enabled 
Grimes to produce the r e s t o r a t i o n shown i n F i g . 52 . The 
ware to be glazed was f i r s t of a l l f i r e d to the porous 
" b i s c u i t " s t a t e . The p i e c e s were then coated with the glaze , 
probably by dipping them i n a suspension of the glaze 
c o n s t i t u e n t s , and they were then r e - f i r e d to fuse the glaze 
to the body. Ihiring t h i s second (modern " g l o s t " ) f i r e the 
g l a z e had to be protected from any dust and ash which might 
be deposited on i t from the hot gases c i r c u l a t i n g i n the 
k i l n . . The ware was t h e r e f o r e placed i n s i d e two bowls which, 
put mouth to mouth, formed a "saggar". The ware could not 
be stood on i t s base, otherwise the g l a z e , when molten, 
would cause the piece to s t i c k to the saggar. I t had 
t h e r e f o r e to be supported, from i t s unglazed i n n e r s i d e , by 
what Grimes c a l l s a " kiln-prop" (modern " s t i l t " ) , and to 
prevent the s t i l t from f a l l i n g over i t was f i x e d i n pads 
of c l a y . Even i f the i n s i d e of the v e s s e l were a l s o glazed, 
the three prongs of the s t i l t , making only point contact, 
would leave l i t t l e blemish. The remarkable f e a t u r e of t h i s 
procedure i s i t s c l o s e s i m i l a r i t y to modern p r a c t i c e , ( l ) 
demonstrating the a n t i q u i t y of ceramic technique. The glaze 
used a t Holt contained l e a d , as shown by the presence of 
lead d e p o s i t s around the s t i l t and base of the saggar. 
Another f i n d a t Holt was a s t a c k of m o r t a r i a ( F i g . 53 ) 
separated by c l a y pads, the f u n c t i o n of the pads being to 
a l l o w the mortaria s h r i n k f r e e l y during the f i r i n g p r o c e s s . 
.Without the pads the n a t u r a l f i r i n g shrinkage wouid be 
impeded and the p i e c e s might c r a c k or s p l i t . Elsewhere, 
sand is . reported to have been used f o r the same purpose 0(2) 
Fig.54 shows the mortarium stamp of the p o t t e r IVLIVS 
VICTOR, found on the Holt s i t e . I t was unused, and none of 
the m o r t a r i a found bore h i s name; perhaps he was a late-comer 
to the s i t e , j u s t before i t was abandoned. 
(1) See E r n s t Rosenthal, "Pottery and.Ceramics", ( P e l i c a n 
Books, 195* 0 . 
(2) At L i n c o l n ; see J.R.S., 1937, XXVII, 233. 
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The Aldgate P o t t e r 
! I n 1882 a fragment of T e r r a S i g i l l a t a . , or f i g u r e d 
Samian ware, was found somewhere i n Aldgate, London, during 
an extension of the Metropolitan Railway: T h i s was from a 
coarsely-made bowl, warped and crazed i n f i r i n g , and 
obviously a "waster"; i t was accepted i n t o the B r i t i s h 
Museum c o l l e c t i o n s . S i nce then other fragments have been 
found, and i n a Roman v i l l a near Pulborough, Sussex, three 
small p i e c e s of Samian moulds were discovered which gave 
the c a s t s shown a t 6, 7 and 8 i n F i g . 55* Grace Simpson (1) • 
has assembled a l l the evidence i n Fig.55 where the pieces, 
are 
1. Found i n Aldgate, London (Dept. of Archaeology, 
Durham). 
2. Found i n London, s i t e unknown ( B r i t i s h Museum). 
3. Found a t S i l c h e s t e r , Hants. (Reading Museum). 
4 & 5« Found a t C h i c h e s t e r , Sussex. 
6, 7 & 8. Casts from Pulborough moulds.' 
The shading i n Fig.55 i s intended to give an impression 
of the smears and finger-marks which c h a r a c t e r i s e the poor 
q u a l i t y of the ware. 
By studying the designs and the general c h a r a c t e r of 
the fragments, Grace Simpson has concluded t h a t they a l l 
r e p r e s e n t the work of one man whom she terms, f o r convenience 
the "Aldgate*• p o t t e r . T h i s i s not to suggest that there was 
a p o t t e r y making T e r r a S i g i l l a t a i n what i s now Aldgate; i t 
i s simply naming the p o t t e r a f t e r the place where the f i r s t 
specimen was found. Nev e r t h e l e s s , as t h i s piece was a 
"waster" i t would not have been imported from the Continent, 
and moreover i t would probably have been thrown away a t l e a s t 
i n the neighbourhood of the p o t t e r y where i t was made. At 
a l l events, wherever the p o t t e r y was s i t u a t e d , i t would seem 
that here we have another Romano-British source of T e r r a 
S i g i l l a t a i n a d d i t i o n to the C o l c h e s t e r production. 
There i s an e x c e l l e n t T e r r a S i g i l l a t a mould i n the 
Y o r k s h i r e Museum a t York, but t h i s i s g e n e r a l l y considered 
to have been made on the Continent, probably a t Lezoux, 
because i t i s i n the s t y l e of a C o n t i n e n t a l potter, and there 
( l ) Grace Simpson, "The Aldgate P o t t e r : A.maker of Romano-
B r i t i s h ware , " J.R.S., 1952, X L H , 68. 
i s no evidence of any manufacture of f i g u r e d Samian i n 
the region of York. Grace Simpson suggests that the 
York mould was l e f t by someone from the Continent who 
was 'scouting' f o r a s u i t a b l e s i t e f o r a Samian ware 
f a c t o r y , whereas the Aldgate waster i s strong evidence 
of a c t u a l production i n B r i t a i n , 
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GLASSMAKING 
H i s t o r i c a l 
The o r i g i n of the c r a f t of glassmaking, l i k e t h a t of 
potting, i s l o s t i n a n t i q u i t y . The e a r l i e s t l i t e r a r y r e c o r d s ( l ) 
about g l a z e s and g l a s s e s are two s e t s of i n s c r i b e d c l a y t a b l e t s : 
the e a r l i e r s e t i s Babylonian and i s dated by i t s t r a n s l a t o r s ' ^ / 
as not l a t e r than 1700 B.C.. I t contains, four r e c i p e s f o r 
g l a z e s i n each of which the major c o n s t i t u e n t i s "zuku-glass", 
a g l a s s apparently a l r e a d y known a t that time* . The second s e t 
i s A s s y r i a n , from the Royal L i b r a r y a t Nineveh e s t a b l i s h e d by 
A s s u r - b a n i - p a l (668-631 B.C.); t h e s e ( 3 ) record a c o n s i d e r a b l e 
number of g l a s s r e c i p e s . Lead i s mentioned as a c o n s t i t u e n t 
of the g l a z e s i n the Babylonian chemical t e x t , and i t occurs 
once i n the Nineveh g l a s s f ormulations. 
I t i s c l e a r from the number and v a r i e t y of g l a s s products 
which have come down to us, that g l a s s was i n r e g u l a r pro-
duction i n Egypt of the X V I I I t h Dynasty (1580-13^0 B.C.), and 
i t i s probable that Egypt was exporting g l a s s during t h i s 
p e riod. Thus over a thousand y e a r s before the conquest by 
Rome (30 B.C.), Egypt had a t t a i n e d eminence i n the a r t of 
glass-making, although the products were probably used only 
by the w e a l t h i e r c i t i z e n s or for r i t u a l purposes. As w i t h 
pottery, t e c h n i c a l p r o f i c i e n c y seems to have spread westwards 
from the e a s t , u l t i m a t e l y aided by the extent of the Roman 
Empire. 
By the f i r s t century A.D. g l a s s was being developed f o r 
i t s everyday u t i l i t y . P l i n y ( ^ ) t e l l s us that a very white 
sand from the mouth of the R i v e r Volturhus i n I t a l y was 
employed f o r glassmaking. I t was prepared f o r use by'pounding 
i t i n a mortar or g r i n d i n g i t by m i l l s t o n e s , which done, i t 
was mixed with three p a r t s of n i t r e , and fused to give a mass 
termed "ammonitrum11. These lumps or "massae" were broken up 
and re-melted i n another furnace to give "vitrum purum" which 
was then worked i n t o shape. Glass-making thus r e q u i r e d a s e r i e s 
(1) Quoted by Prof. W.E.S. Turner i n "Studies i n Ancient G l a s s e s 
and Glassmaking Processes", Jour. Sbc. G l a s s Technology 
1952*, XXXVIII, **36T, Uk5T', 1956, XL, 39T, 162T, 277T. 
(2) C . J . Gadd & R. Campbell Thompson, "A Middle-Babylonian 
Chemical Text", I r a q , 1936, ^, 87« 
(3) T r a n s l a t e d by R. Campbell Thompson, "The Chemistry of the 
Ancient A s s y r i a n s " , (.London, 1925); " D i c t i o n a r y of Ancient 
A s s y r i a n Chemistry and Geology", (Oxford, 1936). 
(k) Natural H i s t o r y , XXXI Chapter h6, and XXXVI, Chapters 
65 & 66. 
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of furnaces, p a r t i c u l a r l y as the craftsmen had to prepare 
t h e i r own raw m a t e r i a l s and the r e f o r e a d d i t i o n a l furnaces 
were r e q u i r e d f o r c a l c i n i n g sand to render i t more f r i a b l e , 
f o r r o a s t i n g chalk to obtain 'lime, and so on. I n the 
provinces, glass-making became e s t a b l i s h e d on an i n d u s t r i a l 
b a s i s . Sidonians and Alexandrians worked i n Gaul; i n s c r i p -
t i o n s on grave r e l i e f s and on g l a s s o b j e c t s show that other 
f o r e i g n workers were e s t a b l i s h e d i n the Rhine and Rhone 
v a l l e y s ( l ) , and the F r o n t i n u s • f a c t o r y i n Cologne mass-produced 
barrel-shaped f l a s k s with d i s t i n c t i v e mould marks which are 
found on many s i t e s i n western Europe ( 2 ) . 
I n B r i t a i n , from the d i s c o v e r i e s a t Glastonbury ( 3 ) . we 
know that g l a s s i n the form of beads was being made i n pre-
Roman times. The f i n d s are beads and a lump of greenish-blue 
fused g l a s s , the l a t t e r i n d i c a t i n g t hat glassworking was done 
w i t h i n the area of the V i l l a g e . The bead specimens show that 
q u i t e a v a r i e t y of colours was being made: 
Dark to pale blue. P u r p l i s h brown, veined. 
Sea green; t r a n s l u c e n t green. C l e a r white, grooves 
Dark Yellow, f i l l e d w i th yellow glass.. 
A f t e r the Conquest, g l a s s became more common and i t i s found 
on many Romano-British s i t e s i n the form of v e s s e l s of v a r i o u s 
shapes, and as window g l a s s . F i g . 56 shows a group of 
^th-5th century g l a s s v e s s e l s found i n a p i t a t Burgh C a s t l e , 
S omerset(^). 
Furnaces 
Despite the widespread evidence f o r the manufacture of 
g l a s s on the Continent i n Roman times, there i s so f a r no 
c e r t a i n evidence f o r the d i s c o v e r y of a g l a s s furnace; many 
probable s i t e s of manufacture have been recorded, but on none 
of these can i t be s a i d without doubt that an a c t u a l furnace 
has been found. I n B r i t a i n , on the contrary, there i s evidence 
f o r s e v e r a l g l a s s f u rnaces. The f i r s t f i n d s were made by 
Thomas May a t Wilderspool and Stockton Heath, near Warrington(5). 
As w i l l be seen, the evidence i s c i r c u m s t a n t i a l r a t h e r than 
d i r e c t , because May did not f i n d g l a s s i n any of h i s f u r n a c e s . 
He d e s c r i b e s f i v e "workshops", three of which were a t Wilderspool 
w h i l s t the remaining two were a t Stockton Heath. 
(1) M.L. Trowbridge, " P h i l o l o g i c a l S t u d i e s i n Ancient G l a s s " , 
(Univ. of I l l i n o i s , 1930). 
(2) A. Hartshorne, "Old E n g l i s h G l a s s e s " , page 11 (London, 1897); 
D.B. Harden i n "Ebvracvm: Roman York", 1, 136, (R.C.H.M., 
London, 1962). 
(3) Arthur B u l l e i d & H. S t . George Gray, "The Glastonbury Lake 
V i l l a g e " , 2, 353, (Glastonbury A n t i q u a r i a n S o c i e t y , 1 9 1 l ) . 
k) J.R.S., 19^2, L I I , 178. 
5) Thomas May, "Warrington's Roman Remains", page 37 e t seq., 
(Warrington, 1904). 
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The furnace i n the f i r s t workshop had an oval c a v i t y 
3 f t . 6 i n . long, 3 f t . wide, with a stokehole 3 f t . long, 
8 to 12 i n s . wide. Xt had been subjected to i n t e n s e heat, 
and from a 13 oz. lump of p a r t l y c a l c i n e d f l i n t "a m a t e r i a l 
f o r e i g n to the d i s t r i c t " , May concluded that the furnace had 
been used f o r c a l c i n i n g f l i n t s f o r the production of c l e a r 
g l a s s , * c r y s t a l l i n u m * , and that t h i s was a f l i n t g l a s s maker's 
workshop. 
The second workshop had two massive c l a y platforms -
c o n t a i n i n g furnace c a v i t i e s which were of more elaborate 
c o n s t r u c t i o n than those on the r e s t of the s i t e . May has two 
.cramped sketches of these "oval ovens" which are reproduced i n 
F i g s . 5 7 and 58 ; both contained remains of overarched 
c o v e r i n g s . The f i r s t oven, F i g . 57 , had an o v a l trough 
k f t . 6 i n . long, 2 f t . wide, and 10 i r i s , u pright s i d e s . . 
Adjacent to i t was a s m a l l e r , more rounded c a v i t y "resembling 
the base of a furnace f o r h e a t i n g a cauldron or melting pot". 
Both troughs or c a v i t i e s had o u t l e t s f a c i n g "a ring-ornamented 
h e a r t h of baked c l a y , 3 f t . i n diameter" ( t h i s i s shown near 
A on F i g . 5 7 ) . The second oven, F i g . 58 , was 5 f t . long, 
2 f t . 3 i n . wide, w i t h upright s i d e s k% i n s . h i g h . I t had 
two o u t l e t s a t r i g h t angles, arid underneath, a t u b u l a r f l u e 
6-7 i n s . diameter (shown dotted) communicating w i t h an 
e x t e r n a l f i r e - h o l e , (top r i g h t hand corner of sketch) and 
having a c i r c u l a r chamber a t roughly mid-length before f o r k i n g 
into.two branching f l u e s ; a l l the f l u e s were soot-blackened. 
Near the f i r s t oven were found two fragments of c r y s t a l 
c u t - g l a s s goblets having wheel-cut o r n a m e n t a t i o n ( l ) . S i x t y 
f e e t away from t h i s workshop was found a g l a s s - c u t t e r ' s wheel 
of very hard, f i n e sandstone, l ^ / g i n s . diameter, 3/8 i n . 
t h i c k , whose periphery f i t t e d the f a c e t s on the c u t - g l a s s 
specimens. T h i s wheel was i n a rubbish p i t along with 
"sandiver or glass-maker's scum" which was analysed and 
i d e n t i f i e d as such. As there was no evidence of any other-
i n d u s t r y i n the v i c i n i t y of t h i s workshop, May concluded that 
only glassmaking could be a s s o c i a t e d with these ovens, and he 
decided that the s m a l l e r c a v i t y i n F i g . 57 was f o r h e a t i n g a 
g l a s s pot, the two large ovens were l e h r s f o r a n n e a l i n g the 
products made from the contents of the pot. No remains of a 
g l a s s pot were found, but an e a r l i e r excavator ( j . P . R y l a n d s ) 
s a i d t h a t i n 1869-70 he had found a piece of molten g l a s s , 
( l ) May remarks that pieces of s i m i l a r v e s s e l s of white g l a s s 
w ith cut oval f a c e t s had e a r l i e r been found a t London 
(Apsley P e l l a t , " C u r i o s i t i e s of Glassmaking", page I36, 
P l a t e I I I , F i g . 13), and a t B i r r e n s (Anderson & Curie, 
Proc. Soc. A n t i q . Scotland, I896, page 189 e t . s e q . ) . 
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and a p o r t i o n of what appeared to be a l a r g e c r u c i b l e , i n 
neighbouring sand pits-. Warrington sand, May observes, i s 
b e t t e r than i t looks, and could have been used f o r glassmaking. 
The t h i r d workshop at Wilderspool contained two more 
"curious p a i r s of f u r n a c e s " . Beads found on the spot suggested 
bead-making as a p o s s i b i l i t y . A piece of chalk, weighing 1 l b . , 
was discovered i n one furnace. May thought that one furnace 
i n each p a i r was used e i t h e r f o r melting sand, chalk, e t c . , 
i n t o massae, or f o r r e - m e l t i n g massae i n c l a y pots f o r working, 
while the other furnace was used as a l e h r . On t h i s area there 
were found g l a s s beads, -f- i n c h d i s c s of black g l a s s , c r y s t a l 
g l a s s rod, amorphous lumps of semi-fused g l a s s , a piece of 
blue enamel or f r i t , and leaden weights. 
The two. Stockton Heath workshops d i s c l o s e d f u r t h e r 
furnaces, fragments of b o t t l e s and other v e s s e l s , and four 
fragments of f l a t window g l a s s , d u l l on one s i d e and f i r e -
p o l i s h e d on the other ( 1 ) . On the Wilderspool and Stockton 
Heath s i t e s May claims to have found fragments of "more than 
a gross of d i f f e r e n t g l a s s v e s s e l s " . Whether the v a r i o u s 
furnaces had i n f a c t the f u n c t i o n s which May a t t r i b u t e s to 
them i s open to question, but there seems no doubt t h a t ;the 
two s i t e s were connected w i t h glassmaking, i n which the furnaces 
played p a r t s which, s t r i c t l y speaking, cannot be a s c e r t a i n e d 
f o r want of d i r e c t evidence. 
Some t h i r t y years l a t e r , Prof. D. Atkinson discovered a 
g l a s s furnace a t C a i s t o r near N o rwich \ 2 ) . On the s i t e there 
was a furnace of horseshoe shape i n a ruined s t a t e , w i t h 
nothing to i n d i c a t e i t s purpose, and two r e c t a n g u l a r furnaces 
s e t back to back. One of these was almost e n t i r e l y destroyed, 
but i t had e v i d e n t l y been exposed to c o n s i d e r a b l e heat. The 
other r e c t a n g u l a r furnace was about k f t . 10 i n . long and 
2 f t . wide. The bottom c o n s i s t e d of a s l i g h t l y concave f l o o r 
of c l a y 7 i n s . t h i c k , on which was a l a y e r of sandy ash 
c o n t a i n i n g c a l c i n e d f l i n t s and fragments of fused and s p l i n t e r e d 
g l a s s . Above t h i s l a y e r was a mass of burnt c l a y which 
e v i d e n t l y was the remains of an upper f l o o r of the furnace. 
On the c l a y blocks c o n s t i t u t i n g the s i d e w a l l s of t h i s upper 
part of the furnace "there was v i s i b l e a band of fused g l a s s , 
about 1 i n c h wide, adhering to the s i d e s " . Two of these c l a y 
blocks, about 2 f t . 6 i n . long, 1 f t . wide and k i n s . t h i c k , 
s t i l l w i th some adherent g l a s s , are i n the museum a t Norwich. 
I n one corner of t h i s furnace, s l a n t i n g downwards i n t o the 
( 1 ) A.K. K i s a , "Das Glas im Altertum", V o l . 2 , 364 says that 
Roman window g l a s s was made by pouring the molten 'metal' 
on to a s l a b covered with f i n e sand, thus producing the 
c h a r a c t e r i s t i c f r o s t e d appearance on one s i d e . 
( 2 ) D. Atkinson, " C a i s t o r E x c a v a t i o n s , 1929" , Norfolk 
Archaeology, 1 9 3 2 , XXIV, 108 - 1 1 2 . 
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space below the up^per f l o o r , there was a s m a l l c a v i t y 3 i n s . 
diameter, p o s s i b l y f o r the p r o v i s i o n of a b l a s t . 
Bearing i n mind the f a c t that window g l a s s was being 
used on the s i t e i n the f o u r t h century, Atkinson suggested 
that the r e c t a n g u l a r furnace was an annealing oven or l e h r , 
p o s s i b l y f o r window g l a s s . The molten g l a s s would be poured 
on to the upper f l o o r , w ith a hot f i r e underneath i n the 
lower s e c t i o n of the furnace, and annealing would take place 
as the f i r e was g r a d u a l l y diminished. T h i s i s an ingenious 
suggestion, but i t does not account f o r the c a l c i n e d f l i n t s 
found on the lower f l o o r of the f u rnace. May, f o r example, 
might have s a i d that as there were two furnaces back to back, 
they were perhaps used a l t e r n a t e l y f o r c a l c i n i n g f l i n t , and 
f o r melting; one melting w h i l s t the other w a s : c a l c i n i n g . 
However, whatever the true explanation may be, here f o r the 
f i r s t time was a furnace which showed v i s i b l e evidence of 
having contained molten g l a s s . 
Evidence of molten g l a s s has come from other Romano-
B r i t i s h s i t e s . At S i l c h e s t e r , g l a s s has been found adhering 
to the s i d e s of pots used as c r u c i b l e s ; t h i s , w ith p a r t l y -
fused scraps of g l a s s and some pi e c e s of window g l a s s , has 
been taken to i n d i c a t e that rough types of g l a s s products, such 
as window-panes, were made a t C a l l e v a , perhaps from s c r a p g l a s s 
or • c u l l e t ' r a t h e r than from primary m a t e r i a l s ' ^ - ) . I n 195^i a 
M i n i s t r y of Works emergency excavation c a r r i e d out a t Chew Stoke 
i n Somerset, before the a r c h a e o l o g i c a l s i t e s i n the Chew V a l l e y 
were submerged under a new r e s e r v o i r , uncovered a pi e c e of r e -
f r a c t o r y m a t e r i a l or stone which had apparently f a l l e n i n t o 
molten g l a s s and had subsequently been r e t r i e v e d from the melt, 
perhaps when a g l a s s furnace was drained. The g l a s s c o a t i n g 
around the stone was t h i c k and had penetrated the stone to some 
extent, showing t h a t the stone had been immersed i n the molten 
g l a s s f o r some time. Chemical a n a l y s e s of the g l a s s and the 
stone e s t a b l i s h e d that the g l a s s could not have been made by 
melting the stone, hence the i n f e r e n c e that the stone had 
a c c i d e n t a l l y f a l l e n into a g l a s s furnace. T h i s c o n c l u s i o n i s 
not unreasonable, but i t has to be remembered that the mere 
f i n d i n g of melted g l a s s , i n the absence of other i n d i c a t i o n s , 
cannot be taken as evidence of g l a s s manufacture. A c c i d e n t a l 
domestic f i r e s would not be unknown, and when once s t a r t e d 
amongst timber b u i l d i n g s would be almost u n c o n t r o l l a b l e . Melted 
g l a s s of t h i s provenance has, f o r example, been found a t 
C o l c h e s t e r ' 2 ) 
( 1 ) G.C. Boon, "Roman S i l c h e s t e r " , TkSpS] (London, 1957). 
( 2 ) M.R. H u l l , "Roman C o l c h e s t e r " , I5k*: ,157 (Soc. Antiqs. Res. Report XX, Oxford, 1958X 
to 
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METALS: PREPARATION 
. There i s l i t t l e doubt that the metals of g r e a t e s t 
importance during the Roman occupation were i r o n and l e a d . 
I r o n was being exported from B r i t a i n before the occupation, 
and under the Romans the production of i r o n was greatly-
expanded, although probably mainly f o r use i n the province. 
Within six- years of the i n v a s i o n i n A.D.^3 the Mendip lead 
mines were under Roman c o n t r o l , and apart from the many.uses 
of lead as a metal i t i s important to r e a l i s e t h a t the only 
source of s i l v e r known i n Roman times was e x t r a c t i o n from 
l e a d . I r o n and lead therefore take p r i o r i t y i n any con s i d -
e r a t i o n of Romano-British metal working; i n each case we 
s h a l l deal f i r s t with s i t e s of production and then with methods 
of smelting. The map "Mining Regions of Roman B r i t a i n " V 1 ) 
shows the p r i n c i p a l s i t e s f o r these and other metals. 
I r o n : S i t e s 
There i s , or has been, a f a i r l y wide d i s t r i b u t i o n of 
iron'o r e deposits i n England and V a l e s , and Roman e x p l o i t a t i o n 
of B r i t i s h d e posits was q u i t e e x t e n s i v e . Caesar mentions' 
i r o n : " i n the c o a s t a l regions of B r i t a i n , but i n sma l l 
q u a n t i t i e s " . ( 2 ) He almost c e r t a i n l y must have meant the 
deposits i n the Veald. Strabo s t a t e s that B r i t i s h i r o n was 
exported r e g u l a r l y to the c o n t i n e n t . 1 3 ) 
The Wealden i r o n d eposits have been worked from the. 
e a r l i e s t times: a t Playden, near Rye, t y p i c a l c i nder has 
been found i n a s s o c i a t i o n with p r i m i t i v e pottery, and on 
s e v e r a l s i t e s near Hastings f l i n t implements have been 
gathered beside bloomeries. T h e . e n t i r e period of Roman 
occupation i s accounted f o r i n the c o i n and po t t e r y evidence. 
Many furnace s i t e s have been discovered, and'the p i l e s of 
re f u s e , s l a g and c i n d e r s are numerous over, the whole area* 
Thus a t Beauport Park, B a t t l e , there were c i n d e r heaps f i f t y 
f e e t high and two a c r e s i n extent, y i e l d i n g coins of T r a j a n 
and Hadrian. Roman roads a t M a r e s f i e l d , Hempstead near 
Bevenden, and S l i n f o l d , are p a r t l y constructed of s l a g . ( 5 ) 
Of almost equal importance, to judge from the extent of 
the r e f u s e heaps, were the mines i n the F o r e s t o f Dean, on the 
( 1 ) Reproduced from R . A . P e e l , " M i n i n g and Minerals i n Roman 
Britain,'? (Univ. of Durham, B.A. D i s s e r t a t i o n , 1 9 5 7 ) * 
( 2 ) Caesar, De B e l l o G a l i l e o , V; 1 2 . 
( 3 ) Strabo, Geography, IV, v, 2 . 
(k) E . S t r a k e r , "Wealden I r o n " , (London, 1 9 3 l ) • 
( 5 ) 0 . Davies, "Roman Mines i n Europe", (Oxford, 1 9 3 5 ) . 
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Welsh border north west of the Severn e s t u a r y . The s l a g 
heaps have y i e l d e d coins and po t t e r y ranging from the l a t e 
f i r s t century to the f o u r t h century i n d a t e . ( l ) L i k e the 
Wealden i r o n , the dep o s i t s here must have been e x p l o i t e d soon 
a f t e r the conquest., when i t i s considered that t h i s r e g i on was 
invaded only between 74 and 76 A.D. The evidence from Weston-
under-Penyard points to i n c r e a s e d mining a c t i v i t y i n the l a t t e r 
h a l f of the t h i r d century, and the f o u r t h c e n t u r y . ( 2 ) The 
two p r i n c i p a l c e n t r e s , as f a r as we know, are both on the 
western edge of the a r e a s , Lydney and Weston-under-Penyard. 
The former was underground and evidence shows t h i r d century 
working.(3) The s i t e i s a h i l l which has re v e a l e d very i n -
t e n s i v e working. The labourers l i v e d i n a hut v i l l a g e , 
evidence showing second and f o u r t h century settlement, on 
the summit, and t h i s was on the s i t e of an an c i e n t h i l l f o r t . 
At Western-under-Penyard an ar e a of two hundred a c r e s was 
covered with s l a g heaps. CO Within the Roman settlement two 
bu i l d i n g s were excavated, the s m a l l e r c o n t a i n i n g an i r o n 
furnace. The f l o o r was paved with f l a g s r e s t i n g on red c l a y , 
and below t h i s , to a depth of two in c h e s , was a l a y e r of 
g r a v e l , c o n t a i n i n g a l o t of sma l l i r o n c l i n k e r . \ 5 ) The 
in d u s t r y , to r e f e r to one modern author, a t t a i n e d g r e a t e s t 
importance e a r l y i n the f o u r t h century and then dwindled u n t i l 
. the end of the occupation. (6) I n the r e s t of t h i s region,' 
p i l e s of " s c o r i a e " and c i n d e r s e x i s t i n S t . Weonard's, Hentland, 
Peterstow, T r e t i r e , Bredston, Dangarron, Walford, Goodrich, 
Welsh Bicknor, Ganarew and Whitchurch. Frequently, these 
heaps of r e f u s e are between twelve and twenty f e e t i n t h i c k n e s s . 
On Peterstow Common hand bloomeries c o n t a i n i n g p a r t l y melted 
ore have been found. (7) At Great Doward the h i l l s i t e has 
shown extensive working, much o f i t underground. 
(8) i n the 
Roman v i l l a a t Chedworth, G l o u c e s t e r s h i r e , three i r o n blooms 
weighing 256, 356 and 484 l b . were found; no doubt they 
o r i g i n a t e d from the F o r e s t of Dean.\9) i t has been claimed 
that Roman mines have been discovered i n the F o r e s t of Dean 
at C oleford and Redbrook, on the R i v e r Wye. (10) 
(1) R.G. Collingwood," "Economic Survey of Ancient Rome",iii, 4 l . 
(2) I.A. Richmond, "Roman B r i t a i n " , 158, ( P e l i c a n H i s t o r y of 
England, 1963) . 
(3) R.E.M. Wheeler, "Excavations a t Lydney", 1932, 18-22. 
(41 I.A. Richmond, l o c . s i t . . 
(5) J.R.S., 1921, XI, 207-
(6) L.C. .West, "Roman B r i t a i n and Objects of Trade", (London, 1933-) 
(7) L.C. West, o p . c i t * . 
(8) R. Hunt, " B r i t i s h Mining", 28 (London, 1884). 
(9) Arch. Jour., 1887, 322. 
(10) C o l e f o r d : F r y e r , C a r d i f f N a t u r a l i s t s * S o c i e t y Trans., 
1886, X V I I I , 50. 
Redbrook: L.C. West, o p . c i t . . 
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The Midlands o f f e r many i n s t a n c e s of i r o n mining. 
At Stratford-on-Avon, Warwickshire, .during the excayation 
of the i n d u s t r i a l settlement, considerable q u a n t i t i e s of 
i r o n s l a g and n a i l s were discovered, i n a d d i t i o n to t r a c e s 
of ore washing and. furnaces; perhaps t h i s was a pre-Roman 
ind u s t r y , working extending into, the Roman period. At any 
r a t e , the evidence showed working throughout the Roman 
occupation. ( 1 ) I n Northamptonshire s l a g heaps w i t h Roman 
remains have been f r e q u e n t l y l o c a t e d . ( 2 ) . At Clipsham, 
R u t l a n d s h i r e , a r e f u s e heap of i r o n s l a g and c h a r c o a l i n a 
l a y e r two f e e t t h i c k , was found; ( 3 / A l a r g e bloomery furnace 
was unearthed a t Woolsthorpe, near C o l s t e r w o r t h i n L i n c o l n -
s h i r e . ' 2 * ) T h e - s i t e y i e l d e d coarse pottery, the general 
c h a r a c t e r of which was f i r s t and second century. At S a l t e r s -
f o r d , four, miles away, a hoard of Roman i r o n t o o l s was f o u n d s ) . 
I n the same county Roman sherds have been found i n a s l a g heap 
a t C l a x b y ( 6 ) , while there i s good evidence f o r working 
deposits , i n the. v i c i n i t y , of Scunthorpe .( 7 ) Again, a t 
Beeston Regis, near Cromer, Norfolk, sherds i n s l a g heaps 
have been noted. ( 8 ) 
Evidence has been l i m i t e d i n Wales. During excavations 
a t Caerwentj Monmouthshire, i r o n s l a g together w i t h a l a d l e 
used i n manufacture were d i s c o v e r e d . A s s o c i a t e d with these 
o b j e c t s were i r o n shears and an i r o n spear head.(9) F u r t h e r 
west, i n Glamorganshire, evidence appeared a t E l y , near 
C a r d i f f . The excavation r e p o r t reads.: "Abundant t r a c e s of 
i r o n working were observed, and the e a r l i e r excavators 
claimed to have found two of the a c t u a l hearths on which the 
ores were smelted. ( 1 0 ) P a r t i a l l y fused s l a g was a c t u a l l y 
used as a paving f o r the open space immediately e a s t of one 
bu i l d i n g , and i t may be noted that a s i m i l a r paving was used 
f o r the main s t r e e t s of the Roman f o r t a t C a r d i f f " . ( 1 1 ) 
Some of the ore a t E l y was i n a s s o c i a t i o n with manganese. 
I n north IVales, a t Anglesey, iron.was found i n Din Ll i g w y 
and other hut v i l l a g e s ; - a l s o a t Holt i n F l i n t s h i r e . ( 1 2 ) 
( 1 ) J.R.S., 1 9 2 5 , XV, 2 3 0 . 
( 2 ) K e n d a l l , " I r o n Ores of Great B r i t a i n & I r e l a n d " ; T r o l l o p e , 
A s s o c i a t e d A r c h i t e c t . S o c i e t y Reports 1 8 5 9 , V, 9 7 . 
( 3 ) J.R.S., 1926 , XVI, 2 2 3 . 
(4) I.C.Hannah, A h t i q s . Jour., 1 9 3 2 , X I I , 2 6 2 . 
5) I . C . Hannah, l o c . c i t . . 
6 ) Key, Mining J o u r n a l , June 1896 , 7 3 4 . 
( 7 ) I.A. Richmond', op. c i t . , 1 5 8 . 
( 8 ) V.C.H., Norfolk, I , 3 1 3 -
( 9 ) Arch., 1 9 H " f L X I I , 4 3 9 , "Excavations a t Caerwent, 
Monmouthshire, 1 9 0 9 - 1 0 . 
(10) C a r d i f f N a t u r a l i s t s • Soc. Trans., 1 8 9 3 - 4 , XXVI, 4 . 
(11) J.R.S., 1 9 2 1 , XI, 7 9 . 
(12) R.G. Collingwood, o p . c i t . , i i i , 4 l . 
55 
I n northern England there are a' v a r i e t y of p l a c e s 
where i r o n working was i n existence, i n Roman days. I n 
f o r t s , t r a c e s of i r o n working have come to l i g h t ; a t 
Templebrough and Newsteads, where a hoard of n i n e t y - s i x 
i r o n o b j e c t s r e p r e s e n t s the contents of the camp f o r g e . ( l ) 
At Housesteads i r o n s l a g was found i n s i d e the f o r t . ( 2 7 , and 
a t Great C h e s t e r s , the r e p o r t s t a t e s : "An e x t e n s i v e range 
of b u i l d i n g s was found e r e c t e d a g a i n s t the outer camp w a l l 
between the western gateway and the north-west angle of the 
camp. Of these, the most n o r t h e r l y appears to have been a 
smithy; i n i t c l o s e to the hearth was the stone trough to 
hold the water used i n tempering the i r o n " . ( 3 ) I n the 
a r s e n a l a t Corbridge, i n the t h i r d and f o u r t h c e n t u r i e s , 
smelting was c a r r i e d on r e g u l a r l y i n the production of 
weapons, n a i l s and h o l d f a s t s . The source of the ore 
must have been the Redesdale deposits s i t u a t e d hear the 
R i s ingham fo r t . ( 5 ) 
I n Y o r k s h i r e , observers in' the, eighteenth century 
noted la r g e heaps of c l i n k e r i n a s s o c i a t i o n with l a t e t h i r d 
century and fourth century c o i n s , a t West B i e r l e y , near 
Cleckheaton.(°) 
The d i s c o v e r y of a smelting h e a r t h has been recorded 
a t Graystock, Cumberland ( 7 ) , and f u r t h e r south, a t Warrington, 
extensive remains of Roman i r o n working have been found. ( 8 ) 
I r o n ; Furnaces. 
I t i s important to r e a l i s e t h a t there are two d i s t i n c t 
methods f o r the production of i r o n : 
1. The ' d i r e c t 1 , or bloomery process. 
2 . The b l a s t furnace process f o r producing c a s t i r o n . 
D e s c r i b i n g the second method f i r s t , because i t does -not 
concern us here, we may say b r i e f l y t h at i t c o n s i s t s i n 
( 1 ) T„ May, "Excavations a t Roman f o r t of Templebrough, near 
Rotherham," 1 9 2 2 . 
J . C u r i e , "Newstead, A Roman F r o n t i e r Post and i t s 
People," 1 9 1 1 f 2 7 7 . 
( 2 ) Arch.. A e l . , 190k, XXV, 241. 
( 3 ) Arch. A e l . , XXIV, 3 3 . 
( 4 ; J . Collingwood Bruce, "Handbook to the Roman Wall", 7 6 - 7 7 , 
(ed. I.A. Richmond, Newcastle upon Tyne, 1 9 5 7 ) * 
( 5 ) I-A. Richmond, "Roman B r i t a i n " , 159, ( P e l i c a n H i s t o r y of 
England, 1 9 6 3 ) . 
6) I.A. Richmond, o p . c i t . , 159• 
7 ) Arch., 1893 i L I I I , 505• 
( 8 ) Thomas May, "Warrington's Roman Remains", (Warrington, 1 9 0 4 ) . 
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r o a s t i n g a mixture of i r o n ore, c'bke and limestone i n a 
b l a s t of hot a i r so that the i r o n ore i s reduced to m e t a l l i c 
i r o n a t a temperature high enough to produce i r o n i n a 
l i q u i d s t a t e . The f l u i d i r o n i s run o f f and c a s t i n t o 
'pigs* of 'cast i r o n ' . These hard, b r i t t l e pigs' have sub-
sequently to be t r e a t e d to convert them e i t h e r i n t o wrought 
i r o n or s t e e l ; the b l a s t furnace process i s thus ' i n d i r e c t * 
i n that i t does not y i e l d an immediately u s e f u l product 
(exc l u d i n g the l i m i t e d range of a r t i c l e s which can be c a s t 
from c a s t i r o n ) . 
I n the bloomery process, as a n c i e n t l y p r a c t i c e d , the 
i r o n ore was reduced by r o a s t i n g i t w i t h admixed c h a r c o a l . 
The temperature was lower than i n the i n d i r e c t process, and 
the i r o n never became f l u i d . The product was a pasty mass 
of i r o n c o n t a i n i n g s l a g and c i n d e r which had to be expressed 
from the spongy mass of i r o n by hammering, the r e s u l t a f t e r 
repeated r e - h e a t i n g and hammering being a 'bloom' of more or 
l e s s pure i r o n . . . . 
The e a r l i e s t bloomery hearths .in the Weald were 
probably s i m i l a r to contemporary furnaces i n Westphalia of 
which some records e x i s t . They were' of the 'bonfire' type, 
and c o n s i s t e d of a c l a y h e a r t h on which a l t e r n a t e l a y e r s of 
c h a r c o a l and washed cleaned o r e ( l ) were p i l e d i n a c o n i c a l 
heap which was covered with a t h i c k dome of c l a y with a hole 
i n the top. The bottom-most l a y e r of c h a r c o a l would be 
i g n i t e d , and a i r blown i n , by bellows, through h o l e s near 
the base of the dome. A f t e r s e v e r a l hours of blowing, the 
i r o n would s e t t l e i n a spongy mass on the h e a r t h while the 
other c o n s t i t u e n t s of the ore would remain above the i r o n as 
s l a g and may have been p a r t l y run o f f through s u i t a b l e 
openings. I f by a c c i d e n t the temperature became too high, 
something a k i n to c a s t i r o n would be produced and would have 
to be thrown away because no one knew how to convert i t to 
ordinary i r o n . P i e c e s of c a s t i r o n are sometimes found 
among bloomery r e f u s e . ( 2 ) 
( 1 ) Probably p r e - c a l c i n e d to make i t e a s i e r to break i n t o 
s m a l l pieces f o r more rapid' smelting. 
( 2 ) Thomas May ("Warrington's Roman Remains") a s s e r t e d that 
the Romans a c t u a l l y c a s t i r o n , taking as p a r t of h i s 
evidence a . c a s t i r o n s t a t u e t t e s a i d to have been dug out 
of the Romano-Bri-tish s l a g heaps a t Beauport, near 
H a s t i n g s . T h i s was f i r s t d e scribed by the notorious Charles 
Dawson i n Sussex. Arch. C o l l e c t i o n s XLVT, h. E . S t r a k e r i n 
"Wealden I r o n " had doubts about i t s a u t h e n t i c i t y , and 
modem opinion i s that the s t a t u e t t e was a f o r g e ry and 
that the Romans did hot c a s t i r o n . True b l a s t furnaces 
f o r making c a s t i r o n probably f i r s t appeared a t Namur i n 
the fourteenth century (see Rhys Je n k i n s , Trans. Nevcomen • 
S o c , V, 1 7 ) . 
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A remarkably l a r g e Ingot of i r o n was discovered a t 
Corbridge i n 1 9 0 9 ' T h e excavation report s t a t e s : "The 
bloom i s a mass weighing j u s t oyer three hundredweights and 
measuring t h i r t y - n i n e inches i n length; i t was found standing 
upright, with the s m a l l e r end downwards, i n a small c i r c u l a r 
furnace on the north s i d e of Cors t o p i turn . . .. -Small blooms of 
spongy iron,, doubtless procured by smelting with c h a r c o a l a t 
v a r i o u s points i n southern Northumberland where the 'black 
.band' ironstone crops out, were brought to Corbridge and there 
welded and b u i l t up i n t o a mass by s u c c e s s i v e and a l t e r n a t e 
heating and hammering. At the bottom a foundation piece must 
have - f i r s t been.formed; then two s m a l l blooms were added to 
i t and the mass was heated and welded by hammering; more 
small blooms were then added.,: s i m i l a r l y heated and welded by 
hammering, thus the bar or column of i r o n was formed. The 
hammering was not, however, s u f f i c i e n t l y heavy to prevent 
some c a v i t i e s being l e f t i n the c e n t r e , and, i n the upper 
part of the mass, where i t was r a t h e r t h i c k e r than a t the 
bottom, the f o r c e was not s u f f i c i e n t to weld the whole 
together r i g h t through. Only the outside, indeed, was r e a l l y 
formed i n t o f i r s t c l a s s i r o n . I t seems probable that the 
bloom was s t i l l i n process of development when the work was, 
f o r some reason, i n t e r r u p t e d . 1 1 ( 2 ) 
Fig.60 shows an e x t e r n a l view of the bloom as found, 
and i t s i n t e r n a l appearance a f t e r being sawn i n two. C a r e f u l 
t r a c i n g s were made of the i n d i v i d u a l s m a l l blooms then 
d i s t i n g u i s h a b l e i n the mass, and these when assembled provided 
F i g . 61 which i l l u s t r a t e s c l e a r l y how the l a r g e bloom was 
b u i l t up. ( 3 ) The use of t h i s bloom i s unknown. 
An e x t e n s i v e i r o n working s i t e a t Wilderspool, on which 
furnaces much more h i g h l y developed than the p r i m i t i v e bonfire 
bloomeries were used, has been des c r i b e d by Thomas May.(^) 
F i g . ^ s May's i l l u s t r a t i o n of two of the numerous smelting 
hearths discovered a t Wilderspool; one of these (see r i g h t -
hand part of plan view) was constructed p a r t l y on top of an 
older furnace (which can be seen a t A,B and C i n the plan 
v i e w ) . The newer h e a r t h was i n the form of two i n t e r s e c t i n g 
ovals g i v i n g an .overall a x i a l length of 6 ft. k i n . , each 
oval having a width of about 2 f t . 6 i n . , the whole c a v i t y 
J 
( l j Arch. A e l . , 1910; 2k0, 265. ( 2 ) Arch. A e l . , 1912; 207. 
( 3 ) See Hugh B e l l , "Notes on a Bloom of Roman I r o n found a t 
Corstopiturn," Jour. I r o n & S t e e l I n s t i t u t e , 1912; 118. 
( 4 ) Thomas May, "Warrington's Roman Remains," (Warrington, 
1 9 0 4 ) . 
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being contained ,in a massive oblorig c l a y platform 8 f t . 9 i n . 
long, k f t . wide and 1 to 1-g- f t . t h i c k . The s i d e s of the 
ovals sloped towards the major a x i s which i t s e l f sipped down 
to. a tubular duct, i n s . diameter, 1 f t . 10 i n . long, 
leading out through the c l a y platform. The i n s i d e of the 
duct was c a l c i n e d , i n d i c a t i n g that molten metal had been run 
through i t . The purpose f o r which the hear t h was employed 
was made c e r t a i n by the f i n d i n g of a s t r i p of i r o n ( a n a l y s i n g 
99•876$ Fe) i n a c r a c k near the duct, and by the d i s c o v e r y 
underneath of a mass of red haematite ore i n the c l a y platform 
of the e a r l i e r f u r nace. 
Many lumps of s l a g were unearthed i n the neighbourhood 
of t h i s furnace and other a d j o i n i n g f u r n a c e s . May makes the 
i n t e r e s t i n g point that one of these lumps, when analysed, was 
proved by i t s high alumina and s i l i c a contents to be from c l a y 
i ronstone, i . e . , from impure "clayband" ore, and i n h i s opinion 
t h i s demonstrates that the workers a t Wilderspool knew that a 
mixture of pure (haematite) and impure (clayband) ores was more 
f u s i b l e and gave a b e t t e r y i e l d than when each was smelted 
s e p a r a t e l y "the one supplying what the other lacked i n the 
form of a f l u x to run o f f the combined s i l i c a and s e t f r e e 
the i r o n . " 
R e f i n i n g furnaces or smithy hearths were a l s o discovered 
at Wilderspool. One of these, probably of l a t e f i r s t , e a r l y , 
second century use, c o n s i s t e d of a roughly s e m i - c i r c u l a r 
stage o r platform, b u i l t up from f i v e courses of broken 
b r i c k s and t i l e s s e t i n s t i l l boulder c l a y , and e n c l o s i n g a 
c y l i n d r i c a l p i t or c r u c i b l e ( F i g . 63 ) l i n e d with c a l c i n e d 
c l a y . T h i s f i r e - s e a t or c r u c i b l e had a diameter of 11 i n s . 
and a depth of 9 i n s . ; from i t s base a funnel 6 i n s . wide 
at the top and 2 i n s . a t the bottom, l i n e d w ith broken t i l e s , 
communicated through a duct with the f r o n t of the h e a r t h . 
T h i s appeared to be a tap-hole f o r running out the ci n d e r or 
s c o r i a . On the f l o o r i n f r o n t of the hearth there was unspent 
c h a r c o a l and a few pie c e s of cannel c o a l . Nearby there was a 
smal l block of i r o n and a deposit of " c i n d e r " ( i r o n s i l i c a t e ) , 
and i n the w a l l of the c r u c i b l e there was a globule of g l a s s y 
c i n d e r which on a n a l y s i s was i r o n s i l i c a t e , suggesting to May 
that the furnace was used f o r the r e f i n i n g of i r o n . 
I t w i l l be n o t i c e d that the two furnaces i n F i g . 62 
are of q u i t e d i f f e r e n t shapes. I n c o n t r a s t w i t h these, a 
t h i r d furnace d e s c r i b e d i n d e t a i l by May was T-shaped. He 
does not de s c r i b e a l l the furnaces discovered i n the Warrington 
area, but the e x i s t e n c e of these three d i f f e r i n g shapes suggests 
that with i r o n furnaces, as W.F. Grimes observed w i t h pottery 
k i l n s , d i f f e r e n t types e x i s t e d s i d e by s i d e . 
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A furnace of more advanced.design was discovered i n 
January, 1932 when men quarrying i r o n o r e - f o r the Frodingham 
I r o n & S t e e l Co. unearthed a t "Woolsthorpe, near Colsterworth 
i n L i n c o l n s h i r e , a Roman b l a s t furnace or bloomery i n a 
remarkably good c o n d i t i o n . 
CD I t was hand-moulded from c l a y 
of the l o c a l Upper L i a s formation, and the approximate 
dimensions were length 3 f t . , width 23 i n . , depth i n c r e a s i n g 
from 15 i n . a t one end to 21 i n . a t the other, the slope 
being presumably from the charging end to the pouring or 
t i p p i n g end. The roof (shown i n plan i n F i g . 64 ) was 
roughly arched and was p i e r c e d by c i r c u l a r and oval h o l e s . 
When the furnace was excavated, these holes were covered by 
pieces of coarse p o t t e r y of the f i r s t or second century. 
The furnace s i d e s were a t most 6" t h i c k and i n the middle 
of each was a tuyere hole about 6 i n . diameter, s h a r p l y 
splayed. One tuyere opening i s p l a i n l y v i s i b l e i n the 
photograph ( 2 ) , F i g.65 ( i n t h i s p i c t u r e most of the furnace 
roof has d i s i n t e g r a t e d , due to f r o s t ) . As found, the furnace 
had been sunk i n a shallow p i t with segmental- spaces at the 
s i d e s ( s i n g l y cross-hatched i n F i g . 64 ) e v i d e n t l y to 
accommodate the bellows f o r the t u y e r e s . The e a r t h imm-
e d i a t e l y behind the c l a y wjalls of the p i t was baked hard, 
and had obviously been exposed to heat. The furnace had not 
been subjected to the same degree of heat, so i t had probably 
been r e c o n s t r u c t e d i n r e a d i n e s s f o r a f u r t h e r campaign which 
never took plaoe. 
P i e c e s of baked c l a y f i r e b a r s , the fragments k to 8 i n . 
long, of 3 by 2-g- i n . , s e c t i o n , p i e r c e d by holes through t h e i r 
t h i n n e r s i d e s , were found near the furnace, w i t h a q u a n t i t y of 
c h a r c o a l and wood-ash. There were a l s o fragments of ironstone 
with s l a g runnings on t h e i r s u r f a c e s , and two .small p i e c e s of 
i r o n , one of which had been hammered "to something very near 
the c o n s i s t e n c y of the'best modern wrought i r o n " .0 A 
m e t a l l u r g i c a l r e p o r t on t h i s piece reads "The general 
appearance of the specimen under the microscope gave the 
impression that the piece had been formed by d i r e c t r e d u c t i o n 
from the ore, and was composed of a number of small p i e c e s 
welded together w h i l s t working i n the h e a r t h . The higher 
carbon percentage shows that some portions of the piece were 
reduced from the ore a t a higher temperature than others, 
r e s u l t i n g i n a g r e a t e r carbon absorption, or some of the 
p i e c e s may have l a i n f o r some considerable time i n contact 
( 1 ) See I.C.Hannah,"Roman B l a s t Furnace i n L i n c o l n s h i r e , " 
A n t i q u a r i e s Jour., 1932, X I I , 262. 
( 2 ) Reproduced from an o r i g i n a l k i n d l y supplied by the 
Stanton & S t a v e l y S a l e s s e c t i o n o^ f the Stanton Ironworks. 
( 3 ) I . C . Hannah, l o c . c i t . . 
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with red-hot c h a r c o a l and become c a r b u r i s e d . When the s e v e r a l 
p i e c e s were worked together i n the p l a s t i c c o n d i t i o n small 
globules or p i e c e s of semi-molten c i n d e r or s l a g would 
become entrapped i n the mass and undergo d i s t o r t i o n i n the 
subsequent hammering that was given to the piece of i r o n . 
The s t r u c t u r e i s j u s t what one would expect from a piece of 
p r i m i t i v e i r o n made by a d i r e c t r e d u c t i o n process." 
I t w i l l be r e c a l l e d that the vents i n the roof of t h i s 
furnace were a l l found to be closed by p i e c e s of pottery when 
the furnace was d i s c o v e r e d . There i s an i n t e r e s t i n g and r e c e n t 
explanation of t h i s . ( 1 ) I t has been suggested that the bloom, 
of i r o n , made as d e s c r i b e d above, was returned to the furnace 
a t night and packed around with c h a r c o a l . With the vents c l o s e d 
the f u e l would smoulder a t red heat and p a r t l y c a r b u r i s e the 
i r o n to s t e e l . 
At Margidunum, F e l i x 0 s w a l d ( 2 ) found a s e r i e s of r e c t -
angular p i t s i n which i r o n had been smelted; lumps of s l a g 
c o n t a i n i n g as much as k0^> of i r o n l a y on the c l a y f l o o r s of 
these p i t s which had been baked red by the heat. These p i t s , 
however, were much l a r g e r than that, f o r the Colsterworth 
furnace. At C.olsterworth there was a l s o a q u a n t i t y of s l a g , 
r i c h i n i r o n , as w e l l as a c e r t a i n amount of o o l i t i c limestone, 
p o s s i b l y used as a f l u x . Oswald noflLced evidence of the use 
of a f l u x a t Margidunum. 
F i n a l l y , r e f e r e n c e must be made to the " s h a f t furnace", 
a type of great a n t i q u i t y , considered by Quiquerez(3) to date 
from 1000 B.C.. Quiquerez i n v e s t i g a t e d many remains of s h a f t 
furnaces, i n the Bernese J u r a , near Lake Neuchatel i n S w i t z e r -
land, which may have provided the i r o n used by the l a k e -
d w e l l e r s of La Tene. F i g . 6 6 a i s a r e c o n s t r u c t i o n of one of 
these furnaces, c o n s i s t i n g of a roughly c y l i n d r i c a l or oval 
s h a f t , about 7 f t . 6 i n . high, w i t h t h i c k s i d e s of c l a y , 
enclosed w i t h i n a stone surround, the whole being constructed 
e i t h e r i n a bank of e a r t h or having e a r t h heaped around i t , 
l e a v i n g an opening, 'g 1, a t the foot of the s h a f t ; Quiquerez 
suggested that.the n a t u r a l wind entered the furnace through t h i s 
channel, but i t i s now g e n e r a l l y thought that a forced draught, 
from bellows, would be e s s e n t i a l . The s l a g and the bloom of 
( l ) See F.H. Hensoh, "Discovery", 1951, 12, 283. 
(•2) F. Oswald, "Report on Margidunum Exc a v a t i o n s " , (Nottingham 
Ar t Museum). 
( 3 ) A. Quiquerez, "Notice sur l e s forges p r i m i t i v e s dans l e 
Jura 1, 1 Mittheilungen der A n t i q u a r i s c h e n G e s e l l s c h a f t von 
Z u r i c h , 1871; 71. 
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malleable i r o n would be e x t r a c t e d through the channel, u s i n g 
a long-handled i r o n crook. Shaft furnaces have been recorded 
i n B r i t a i n a t Ashwicken i n N o r f o l k ^ 1 / , and near Pickworth ( 2 ) 
which i s three m i l e s from Great C a s t e r t o n and two miles from 
Ermine Street..(3) F i g , 66b shows the three Pickworth furnaces, 
the c e n t r e one of which was un f o r t u n a t e l y destroyed. The 
p r i n c i p l e of the s h a f t furnace may have been brought to 
B r i t a i n by the C e l t s , who overran the region of the Jura , 
furnaces, p o s s i b l y taking the a r t of i r o n making i n t o France 
and B r i t a i n i n t h e i r n o r t h e r l y progress. The Belgae, another 
branch of the same race , crossed the Rhine i n t o northern France 
about 250 B.C., and according to Caesar invaded B r i t a i n , 
s e t t l i n g c h i e f l y i n the south-eastern c o u n t i e s . 
Lead; S i t e s . 
B r i t a i n must have been one of the c h i e f lead producing 
regions of the Roman Empire, and i t s value and s t a t u s as a 
r i c h mining province, are a t t e s t e d by the h i g h l y p r o f i t a b l e 
e f f i c i e n c y of the s i l v e r e x t r a c t i o n c a r r i e d out. Caesar and 
Strabo, while mentioning B r i t i s h s i l v e r , do not mention l e a d . 
However, i t i s mentioned by T a c i t u s and i n p a r t i c u l a r by 
P l i n y , who s a y s : "Lead i s e x t r a c t e d with great labour i n Spain 
and a l l the G a l l i c provinces, but i n B r i t a i n i s found i n the 
upper stratum of the e a r t h i n such abundance t h a t a law has 
been made p r o h i b i t i n g any one from working more than a 
c e r t a i n q u a n t i t y of i t " (Words underlined a r e f r e e l y t r a n s -
l a t e d T7C5) Evidence of working Mendip lead, although not of 
e x t r a c t i n g s i l v e r , before the conquest of B r i t a i n has been 
discovered i n the lake v i l l a g e s of Glastonbury and Meare. ( 6 ) 
I n Roman B r i t a i n there were s i x a r e a s of lead production, 
the c h i e f a r c h a e o l o g i c a l evidence c o n s i s t i n g of the numerous 
lead pigs, bearing c a s t and stamped i n s c r i p t i o n s , which have 
provided the information we have of mining o r g a n i s a t i o n i n the 
r e s p e c t i v e areas.. The map " D i s t r i b u t i o n of Lead Pigs"(7^hows 
the f i n d - s p o t s of Romano-British p i g s . 
( 1 ) Norfolk Archaeology, I96O, XXXII, 142. 
(2) J.R.S;, 1962, L I I , 173. 
(•3) The Colsterworth furnace was a l s o near Ermine S t r e e t , and 
about 7"g" miles from Pickworth. 
(k) T a c i t u s , A g r i c o l a . 
( 5 ) P l i n y , Natural H i s t o r y , XXXIV; 49. 
(6) R.G. Collingwood, "Economic Survey of Ancient Rome", i i i , 42 
( 7 ) Reproduced from R.A. P e e l , "Mining and Minerals i n Roman 
B r i t a i n " , (Univ. of Durham, B.A. D i s s e r t a t i o n , 19571 where 
a l i s t of lead pigs, and a commentary, i s g i v e n ) . 
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The Mendip r e g i o n has produced very l i t t l e evidence 
of a c t u a l Roman mining operations, and apart from the i n -
formation derived from i n s c r i p t i o n s on the pig s , the remains 
of the settlement a t Charterhouse provide almost the s o l e 
guide we possess of the extent and scope of the mining. The 
r i c h n e s s of the lead ore i s the reason f o r t h i s ; post-Roman 
and medieval operations have removed a l l t r a c e s of the Roman 
wo r k i n g s . ( l ) However, t h i s makes the evidence provided by 
the settlement a l l the more i n t e r e s t i n g , and the b u i l d i n g 
m a t e r i a l s a t Charterhouse-on-Mendip, and, i n p a r t i c u l a r the 
amphitheatre, are the only example (with the exception of 
Dolaucothy). of mining h a b i t a t i o n s of d i s t i n c t Roman 
c h a r a c t e r . ( 2 ) Other B r i t i s h s i t e s are pu r e l y n a t i v e . i n type. 
The Charterhouse s i t e has provided f i b u l a e , pottery and coins 
mainly of the f i r s t and second c e n t u r i e s . There are few 
remains of t h i r d century date apart from an i n s c r i p t i o n to 
Septimus, but a hoard of coi n s of Numerian's date was found, 
together with many coins of C o n s t a n t i n e . ( 3 ) T h i s evidence, 
from what was obviously the a d m i n i s t r a t i v e c e n t r e of the 
mining area, shows an e a r l y f o u r t h century r e v i v a l i n working, 
but the settlement was probably deserted l a t e r owing to the 
i n s e c u r i t y of the Severn v a l l e y , which caused abandonment of 
v i l l a s about A.D.330.(^) But i t i s s i g n i f i c a n t t h at a con-
s i d e r a b l e number of s i l v e r c oins dating from approximately 
the end of the fourt h century have been found i n , or c l o s e to,, 
the Mendip region, (.5) . Collingwood c o n s i d e r s t h i s sound 
enough evidence t h a t the lead i n d u s t r y was i n operation u n t i l 
the c l o s e of the Roman occupation of B r i t a i n . 
The a r g e n t i f e r o u s lead v e i n s extend from the Wells 
d i s t r i c t , to Worle H i l l , north of Weston. The p o s s i b i l i t y 
of Roman working a t Penpark, i n south G l o u c e s t e r s h i r e , has 
not been proved. ( 6 ) I n the Charterhouse d i s t r i c t the 
working seems to have been f a i r l y i n t e n s i v e to judge from 
the nature of the rubbish heaps from the mining operations* 
Heaps of ore, f i n e l y ground, and s l a g , show that lead was 
tr e a t e d i n the d i s t r i c t - p o s s i b l y being brought from neigh-
bouring p l a c e s where water was s c a r c e . The s i t e s i n the 
Mendip region are':.7) "marked by e x t r a o r d i n a r i l y large 
accumulations of waste m a t e r i a l and s l a g s from the d r e s s i n g 
( 1 ) 0. Davies, "Roman Mines i n Europe", 148 (Oxford, 1 9 3 5 ) . 
( 2 ) Amphitheatre: Gough, "Mines of Mendip," 36-37. 
B u i l d i n g s : Gough, op.bit., 25-26. 
( 3 ) V.C.H., Somerset, I ; 334. 
k) 0. Davies, op, c i t . , 149. 
5) Evans, "Coinage and Currency i n Roman B r i t a i n , " Num. 
Ch r o n i c l e , S e r i e s i v , V o l . XV, 499. 
6) 0. Davies, op. c i t . , 150. 
7) Arch., 1901, L V I I , 381-2. 
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of the ore. So v a s t , i n f a c t , are these d e p o s i t s that i n 
recen t times and f o r a long period the c h i e f s u p p l i e s of 
lead from the d i s t r i c t have been obtained from'them. I n 
excavating these heaps f o r smelting purposes, Roman remains 
such as mining t o o l s , brooches, weights, c o i n s , fragments of 
pottery, and the l i k e , have been f r e q u e n t l y unearthed." 
The second region of lead production was i n south-west 
Shropshire, and the Welsh border, p r i n c i p a l l y c e n t r i n g around 
Shelve, S n a i l b e a c h and M i n s t e r l e y , near Shrewsbury.(^7 " I n 
Shropshire the most important Roman mines were s i t u a t e d on a 
s e r i e s of ve i n s of galena on the west of the range of h i l l s 
known as the S t i p e r Stones i n the neighbourhood of Shelve. The 
c h i e f excavations, which are of a very remarkable and ext e n s i v e 
, c h a r a c t e r , are a t the Roman Gr a v e l s Mine; where three once open 
c u t t i n g s , each f o l l o w i n g a v e i n of ore, extend as huge furrows 
up the face of the h i l l and over i t s c r e s t . Not f a r d i s t a n t 
and next i n importance a r e the Sna i l b e a c h and White G r i t Mines, 
with Roman underground workings; but numerous s h a f t s and a d i t s 
occur a l l over the d i s t r i c t . Others a r e a l s o to be found d i s t -
r i b u t e d somewhat s p o r a d i c a l l y i n the adjac e n t country, 
Montgomeryshire".(2) These p a r t s of the lead f i e l d are near 
L l a n i d l o e s and"Trefeglwys. 
The evidence here c o n s i s t s of f i r s t and second century 
coins among s l a g . The p r i n c i p a l numismatic evidence i n 
Shropshire i s r e p r e s e n t a t i v e of P i u s ' r e i g n . I n p a r t i c u l a r , 
the Montgomery mines contained many stone t o o l s . ( 3 } 
The s i t e of the F l i n t s h i r e mines was i n the H a l k i n 
M o u n t a i n ' d i s t r i c t , about twelve miles west of Ches t e r . "The 
galena occurs i n two kinds of lodes. One i s i n the form of 
vei n s running along f a u l t s roughly i n an east-west d i r e c t i o n 
and the other c o n s i s t i n g of c r o s s courses of l a t e r o r i g i n 
about a t r i g h t angles to the former. The v e i n s tend to 
produce galena which i s r i c h e r i n s i l v e r than that of the 
i r o n c o urses. The r i c h e s t v e i n s are those of the P r e s t a t y n -
Holywell s e r i e s where the v e i n s have been formed under a 
cover of s h a l e . I t i s one of these v e i n s that occurs near 
the provenance of the lead p i g a t Carmel".{&)• 
The c h i e f s i t e concerned" with production was the 
second and t h i r d century s i t e of Pentre, on the e a s t e r n 
( 1 ) V.C.H., Shropshire, 1; 263. 
(2 ) V.C.H., Shropshire, 1; 383. 
( 3 ) 0. Davies, o p . c i t . , 159, 156. 
(k) Graham Webster, "The lead-mining i n d u s t r y i n North Wales 
i n Roman Times," F l i n t s h i r e H i s t o r i c a l Soc., 1952-53, 13. 
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s i d e of the H a l k i n mountain. Here the smelting was c a r r i e d 
out; there i s no evidence of smelting as e a r l y as the f i r s t 
century,' so t h e r e f o r e the pigs of Vespasian must have been 
produced on the mining s i t e s t h e m s e l v e s . ( l ) To the west, lead 
s l a g has been found i n h i l l f o r t s at' Dinorben and Braich-y-Ddnas, 
of Roman d a t e . ( 2 ) At Talargoch the d i s c o v e r y of a c o i n of 
Gordian I I I has been considered not s a t i s f a c t o r y evidence of 
mining operations; the c o i n could p o s s i b l y have been l e f t i n 
the mine by n a t i v e s u s i n g the working as a plac e of refuge, i n 
the d i s t u r b e d conditions of the l a t e Empire.V3) The a l l e g e d 
d i s c o v e r y of t o o l s a t F o s - y - b l e i d d i a d cannot be proved.(4) 
I n c o n t r a s t with the Shropshire mines, there i s i n 
F l i n t s h i r e no d e f i n i t e d i s c o v e r y of mining t o o l s of e s t a b l i s h e d 
Roman date. ( 5 ) 
I n ' c o n s i d e r i n g the'Derbyshire lead mines 'we are faced 
with the same problem as wi t h the Mendip mines: l a c k of 
a r c h a e o l o g i c a l evidence as f a r as workings are concerned. ( 6 ) 
Medieval mining has o b l i t e r a t e d a l l d e f i n i t e t r a c e s of Roman 
mining; our evidence i s confined v i r t u a l l y to the pigs 
themselves. The mines appear to have been a t Matlock, i n 
Dovedale, and between Wirksworth and C a s t l e t o n . What Roman 
remains there are, are mostly fou r t h c e n t u r y . ( 7 ) 
I n Y o r k s h i r e , the Roman a u t h o r i t i e s worked l e a d i n the 
West Riding, a t Greenhow H i l l and G r a s s i n g t o n . ( 8 ) Sherds 
have been found i n old workings h e r e , ( 9 ) and i n a d d i t i o n a 
considerable amount of galena was found i n the Roman f o r t 
of S l a c k . ( 1 0 ) 
I t i s accepted that Roman lead working was i n e x i s t e n c e 
a t A l s t o n , .but the evidence i s almost n e g l i g i b l e ; lead 
s e a l i n g s e x i s t a t Brough on Stainmoor, and perhaps these 
were of A l s t o n o r i g i n . ( l l ) I t i s w e l l known that a Roman 
road i n the A l s t o n v a l l e y i s i n e x i s t e n c e , and a Roman f o r t 
there, i n which lead and f l u o r s p a r are s t a t e d to have been 
discovered, i s s i t u a t e d overlooking the mining a r e a . ( l 2 ) 
( 1 ) 0. .Davies , "op';. c i t . , 159 • 
( 2 ) Dinorben: Gardner, Arch. Cambrensis, 1913; 191• 
Braich-y-Dinast Hughes, Arch. Cambrensis, 1922; 346. 
( 3 ) Graham Webster, op. c i t . . 
( 4 ) A l l e g e d evidence: Smythe, G e o l o g i c a l Survey of Cardigan and 
Montgomeryshire, V ol. 2, P a r t 2. 
Conclusion: Graham Webster, op. c i t . . 
( 5 ) Graham Webster, op. c i t . . ( 6 ) 0. Davies, op. c i t . , 161. 
( 7 ) V.C.H. Derbyshire, 1; 227. ( 8 ) R.G.Collingwood, o p . c i t . i i i ; 4 5 . 
( 9 ) Y o r k s h i r e Arch. Jour.., 1930, xxx, 81. 
(j£>| Barber, Arch. Jour., I 8 6 7 , XXIV, 289. 
(11) I.A. Richmond, "Roman B r i t a i n , " 153-4, ( P e l i c a n H i s t o r y 
of England, 2nd Edn. 1963). 
(12) F o r t : "Whitley C a s t l e , " Proc .Soc .Antiqs. Newcastle upon 
Tyne, S e r i e s i v , 1924, 1, 249-254. 
Lead & Fluorspar:. Arch. A e l . , S e r i e s i , IV, 36. 
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Lead; Furnaces. 
The p r i n c i p a l lead ores are galena, lead sulphide, 
and c e r u s s i t e , lead carbonate; of these, galena i s the more 
abundant. M e t a l l i c lead i s obtained from i t s ores by s e l f -
r e d u c t i o n . The ores are f i r s t r o a s t e d i n a i r to convert them 
p a r t i a l l y to lead oxides and lead sulphate, then a f u r t h e r 
c a l c i n a t i o n a t a higher temperature, with the a i r shut o f f , 
causes the oxides, sulphate and r e s i d u a l sulphide to r e a c t , 
g i v i n g m e t a l l i c l e a d and sulphur dioxide, the l a t t e r escaping 
as a gas. Such i s the d e s c r i p t i o n of the production of lead 
given i n chemistry text-books. 
I t i s the s i m p l e s t method, and t h e r e f o r e the a n c i e n t 
process must have been more or l e s s i d e n t i c a l . Unfortunately 
no Romano-British lead furnace has s u r v i v e d i n t a c t ; the 
remains are fragmentary, although a t Pentre, F l i n t s h i r e , 
enough was found (1) to show that the foundation of the 
furnaces was stone blocks l a i d i n c l a y and p a r t i a l l y l i n e d 
w i th c l a y . The furnaces had apparently been used f o r a s e r i e s 
of h e a t s , and were not r e b u i l t a f t e r each heat. A piece of 
s l a g was found which could have come from a tap-hole some 
2 inches i n diameter. Coal had been used as a f u e l . 
Gowland (2) suggested that the Romano-British lead 
smelting furnaces were "merely h e m i s p h e r i c a l h o l e s i n the 
ground, l i n e d with some r e f r a c t o r y m a t e r i a l but without an 
outer w a l l of stones ... They were worked by means of a b l a s t 
of a i r from a bellows ... through a twyer of c l a y r e s t i n g on 
the (furnace) edge." He a l s o thought that the layered 
s t r u c t u r e of the l e a d pigs proved t h a t the lead had been 
l a d l e d from the furnace. (As w i l l be seen l a t e r , the l a t t e r 
assumption was i n c o r r e c t ) . E a r l i e r i n the same paper(3), 
however, Gowland says that i f the furnace f i r e were enclosed 
w i t h i n a low w a l l of stones, and a c a v i t y were made i n the 
ground to r e c e i v e the lead, then "With t h i s p r i m i t i v e arrange-
ment and a s l i g h t breeze blowing through the apertures between 
the stones m e t a l l i c lead could r e a d i l y be obtained. The 
furnaces employed by the B r i t o n s were of t h i s c h a r a c t e r , 
although i n those which have been found the e n c i r c l i n g stones 
have been d i s p e r s e d and the c a v i t i e s of the h e a r t h alone 
remain.** Here Gowland i s on s u r e r ground, because there i s a 
t r a d i t i o n of lead smelting i n the manner he has j u s t d e s c r i b e d . 
( l ) F l i n t H i s t . Soc. Trans., X, P a r t I , 7. 20-22; Part I I , 6. 
('21 W. Gowland, Arch., 1901, L V I I , 398. 
(3) W. Gowland, op. c i t . , 392. 
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Thus Joshua C h i l d r e y w r i t e s of Derbyshire l e a d - s m e l t i n g ( l ) 
"They melt the lead upon the top of the h i l l s t h a t l y e open 
to the west; making t h e i r f i r e s to melt i t as soon as the 
west wind begins to blow; which wind by long experience they 
f i n d holds longest of a l l o t h e r s . But f o r what reason, I know 
not, s i n c e 1 should think lead the e a s i e s t of a l l metals to 
melt, they make t h e i r f i r e s e x t r a o r d i n a r y g r e a t . " (This could 
w e l l be true, having regard to the need f o r e x t r a heat i n the 
second stage of r e d u c t i o n ) . Bishop Watson wrote(2) "there 
are s e v e r a l p l a c e s i n Derbyshire c a l l e d Boles by the inhab-
i t a n t s , where lead has been a n c i e n t l y smelted, before the 
i n v e n t i o n of moving bellows by water. These p l a c e s are d i s -
covered by the s l a g s of lead, which are found near them," and 
Farey remarks (3) "The s i t e s of these a n c i e n t Boles or wind-
smelting p l a c e s are e a s i l y found, from the s t e r i l i t y of the 
spots, and the want of any herbage except a few minute weeds 
upon the a n c i e n t s l a g and ashes." Boles, termed Bayle H i l l s , 
a l s o occur i n Northumberland, Cumberland and Durham, according 
to Westgarth Forster(*0 and they were simply p i l e s of stones 
placed around.a f i r e , on the western brow of a h i l l , and so 
arranged as to leave openings f o r the admission of a i r and 
the escape of the products of combustion. F u e l was supplied 
from the neighbouring woods"Which on that account were c a l l e d 
H a g - h i l l or Hag-bank". c 
Wind-smelting i s q u i t e f e a s i b l e , s i n c e lead does not 
r e q u i r e as high a smelting temperature as i r o n ; and, f o r 
reasons to be given when the c a s t i n g of lead ingots i s d i s -
cussed, the furnaces must have been capable of being tapped. 
Therefore, i f we combine the Pentre furnaces with Gowland's 
e a r l i e r d e s c r i p t i o n and a l s o those of the 17th and 18th 
century w r i t e r s , a rough p i c t u r e of a Romano-British l e a d -
smelting furnace emerges: a stone h e a r t h covered with c l a y , 
rough stone w a l l s l i n e d w ith c l a y , but w i t h openings through 
the stones and the c l a y to admit wind, a tap-hole near the 
hearth, and a c l a y cover over the furnace p a r t l y because heat 
has to be conserved but a l s o because a l l openings must 
e v e n t u a l l y be s e a l e d f o r the f i n a l stage of the process. 
(1) Joshua C h i l d r e y , " B r i t a n n i a Baconica: or, The Natural 
R a r i t i e s of England, Scotland and Wales," 112 ( L o n d o n , l 6 6 l ) . 
(2) Bishop Watson, "Of the Smelting of Lead Ore, as p r a c t i s e d 
i n D erbyshire," Chemical E s s a y s , 1782; quoted by John 
Percy, "The Metallurgy of Lead", 21*1-5, (London, I870) . 
(3) John Farey, "General view of the A g r i c u l t u r e and Minerals 
of Derbyshire", I , 382, (London, l 8 l l ) . 
(k) Westgarth F o r s t e r , "A T r e a t i s e on a s e c t i o n of the S t r a t a 
from Newcastle upon .Tyne to the mountain of Cross F e l l , i n 
Cumberland", 36U (Alston, 2nd ed. 1821). 
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The C a s t i n g of lead ingots 
The apparently laminated s t r u c t u r e of Romano-British 
lead i n g o t s , as shown by the h o r i z o n t a l markings on the s i d e 
and end s u r f a c e s of many specimens, aroused c u r i o s i t y a t an 
e a r l y stage i n a r c h a e o l o g i c a l enquiry. At one time i t was 
suggested that they were reproductions of the g r a i n of wood 
used as a p a t t e r n f o r the mould,(l) but i n l a t e r y e a r s the 
s t r i a t i o n s have been regarded as evidence f o r the piecemeal 
c a s t i n g of the ingots by l a d l i n g l e ad from the furnace. 
W. Gowland. (2) .advanced' t h i s view i n 1901, and l a t e r w r i t e r s 
have repeated the i d e a , even going so f a r i n one i n s t a n c e as 
to c a l c u l a t e the c a p a c i t y of the l a d l e used to make c e r t a i n 
xngots. (3) However, experimental evidence and p r a c t i c a l 
experience do not support the hypothesis of piecemeal c a s t i n g . 
Thus, when d i s c u s s i n g the ingots found a t Brough-on- . 
Humber i n 19^0, J.A. SmytheCO s a i d "... the moulds were 
f i l l e d by continuous teeming of the metal, such as would 
r e s u l t from the tapping of a furnace w i t h a c a p a c i t y a t l e a s t 
equal to that of the mould".(5) G. Clement V h i t t i c k has now 
d i s c l o s e d ( o ) that t h i s statement was based on the r e s u l t s of 
a long s e r i e s of experiments i n which lead was c a s t i n t o 
small moulds, made v a r i o u s l y from sand, copper, marble, 
h e a t - i n s u l a t i n g b r i c k , and from f i r e c l a y ( e i t h e r d r i e d or 
baked a t 800° - 900° C ) , the c a s t i n g being over a wide range 
of temperatures and a t v a r i o u s pouring speeds. The surface 
appearance of the s i d e s and ends of experimental ingots c a s t 
i n t h i s way, i . e . , by a s i n g l e steady uninterrupted pour, 
was found to vary according to the c a s t i n g temperature. 
(1) J.B.A.A., 1860, XVI, 350; H a v e r f i e l d , V.C.H., Shropshire, 
1908, I , 26k. 
(2) Arch., 1901, L V I I , 398; a l s o d i s c u s s i o n i n Proc. Soc. 
A n t i q s . 1918, XXXI, 39. 
(3) Those found a t Green Ore on Mendip, reported i n J.R.S., 
1957, X L V I I , 230; c a l c u l a t i o n s made by L.S. Palmer & 
H.W.W. Ashworth, Proc. Som. Arch & Nat. H i s . S o c , 1956-7, 
C I - C I I , 52-88. 
(4) Then Reader i n Metallurgy, King''s College, U n i v e r s i t y 
of Durham. 
(5) Trans. Newcomen Soc., 1939-^0, XX, 139. 
(6) "The C a s t i n g Technique of Romano-British Lead Ing o t s " , 
J.R.S., 196l, L I , 105. W h i t t i c k i n i t i a t e d the c a s t i n g 
experiments a f t e r he had n o t i c e d that blocks of l i n o t y p e 
metal, c a s t i n one operation, e x h i b i t e d s u r f a c e markings 
s i m i l a r to those on Roman i n g o t s . 
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of the metal. 
I n explanation, W h i t t i c k says "The melting point of 
lead i s 327° C. When a temperature c o n s i d e r a b l y higher than 
t h i s - say approximately ^50° to 500° C. - was evenly main-
tained, these s u r f a c e s tended to emerge c l e a r and r e l a t i v e l y 
smooth throughout, showing f u l l y i n each of these areas what 
may be c a l l e d ' f l a t s ' . Such ' f l a t s ' are thus produced when 
the molten lead i s tapped a t a temperature s u f f i c i e n t l y high 
to enable i t not to f r e e z e immediately a t any point where i t 
comes i n t o contact with the mould. But when the molten lead 
was poured a t lower temperatures completely d i f f e r e n t s u r f a c e 
e f f e c t s appeared. I n such c o n d i t i o n s the lead f r e e z e s where 
i t comes i n t o contact with the s i d e of the mould, forming 
there a curved meniscus o u t l i n e s i m i l a r to that of pure 
mercury i n contact w i t h a sheet of g l a s s . Thus, a t any 
moment, once c a s t i n g has begun there i s always a f r o z e n fringe,, 
or s e r i e s of f r i n g e s , of meniscus a l l round the i n n e r s u r f a c e 
of the mould; as pouring proceeds, the l e v e l of the molten 
mass w i t h i n these f r i n g e s , towards the c e n t r e of the mould, 
continues to r i s e u n t i l a f u r t h e r q u a n t i t y floods a c r o s s to 
form i n turn a t the s i d e of the mould i t s own f r o z e n meniscus, 
of which the lower edge i s held back by the edge of the f r o z e n 
f r i n g e a l r e a d y there present. I t i s t h i s process, c o n s t a n t l y 
repeated as the mould i s f i l l e d up, which i s the true explan-
a t i o n of the apparent ' s t r a t i f i c a t i o n ' or 'lamination' of lead 
ingots, t h i s being no more than a s u r f a c e e f f e c t , e s s e n t i a l l y 
a contact phenomenon which inv.olves no d i s c o n t i n u i t y of the 
metal w i t h i n the body of any ingot c a s t e n t i r e l y i n one 
operation with a constant and uninterrupted flow. Such an 
e f f e c t may t h e r e f o r e more con v e n i e n t l y be known as ' s t r i a t i o n * , 
s i n c e no true s t r a t a or laminae are i n v o l v e d . " 
The various stages are i l l u s t r a t e d i n F i g . 68 
(photographed from W h i t t i c k ' s p a p e r ( 6 ) ) : 'a' shows t y p i c a l 
f i n e s t r i a t i o n s corresponding to f a i r l y hot metal; i n 'b' 
the lead has been hot enough to form a ' f l a t ' i n the r i g h t -
hand corner region w h i l s t f i n e s t r i a t i o n s p e r s i s t elsewhere, 
'c' i l l u s t r a t e s the e f f e c t of p r o g r e s s i v e l y d e c r e a s i n g the 
r a t e of pouring, so t h a t the metal becomes more and more 
c h i l l e d by the mould: the s t r i a t i o n s change from f i n e a t 
the bottom of the mould to coarse a t the top. I n i e ' the 
e f f e c t of low metal temperature has been exaggerated by 
making a slow pour of cool metal ( c j60° C . ) . To show t h a t 
the s t r i a t i o n s are purely a s u r f a c e e f f e c t , the metal i n 'd' 
has been etched, r e v e a l i n g that the long c r y s t a l s pass r i g h t 
through the s t r i a t i o n s . Specimen ' f i s a l s o etched, and i s 
of p a r t i c u l a r i n t e r e s t because there i s a ' f l a t ' i n the lower 
right-hand corner: the c o o l e r p a r t s of the c a s t i n g have 
favoured the growth of long c r y s t a l s (again t h e i r c o n t i n u i t y 
i s unaffected by the s t r i a t i o n s ) " , whereas i n the h o t t e r 
' f l a t ' there are gra'nular c r y s t a l s . 
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When the pouring i s i n t e r m i t t e n t , and each l a y e r of 
lead i n the mould i s allowed to s o l i d i f y before the next 
i s poured, a p e n e t r a t i n g l i n e of demarcation can be seen 
between the i n d i v i d u a l l a y e r s . The p e n e t r a t i o n i s not \ . 
complete, i . e . , the l a y e r s are not completely separated, 
because the incoming metal of each new l a y e r p a r t l y melts 
the s o l i d s u r f a c e of the previous l a y e r , r e s u l t i n g i n a 
kind of autogenous weld which binds the l a y e r s together. 
The higher the temperature of the incoming metal, the wider 
i s the a r e a of the weld. Nevertheless, there i s always a 
s u f f i c i e n t p e r i p h e r a l gap between the l a y e r s to permit of 
t h e i r being separated by a few blows with a c h i s e l , and the 
gaps are q u i t e d i f f e r e n t i n c h a r a c t e r from the s t r i a t i o n s 
which occur when the pouring i s continuous. Thus Fig.69 
shows an ingot c a s t i n three separate operations with i n t e r -
mediate s o l i d i f i c a t i o n : the right-hand view i l l u s t r a t e s the 
deep 'laminations', the l e f t - h a n d p i c t u r e shows the welding 
together of the l a y e r s a t the pouring point. I t i s i n t e r e s t i n g . 
to observe t h a t f i n e s t r i a t i o n s are v i s i b l e on the i n d i v i d u a l 
l a y e r s ; thus i n the one specimen we have a demonstration that 
s t r i a t i o n s denote continuous pouring, and laminations i n d i c a t e 
i n t e r m i t t e n t pouring. 
I n f u r t h e r support of h i s argument, W h i t t i c k reproduces 
( F i g . 70 ) a photograph of a modern lead ingot weighing 12 tons 
and measuring 10 f t . x 9 f t . x 9 i n s . c a s t by the (normal 
modern) method of continuous pouring, i n the E l s w i c k Works 
of A s s o c i a t e d Lead Manufacturers: the p i c t u r e "gives con-
v i n c i n g evidence t h a t such methods produce s t r i a t i o n s and 
' f l a t s ' of p r e c i s e l y the kind observable on Roman i n g o t s " . 
I n the course of h i s paper W h i t t i c k d i s c u s s e s many 
Romano-British ingots which provide evidence that continuous 
c a s t i n g by tapping was a standard procedure, and he r e t r a c t s 
h i s e a r l i e r s u p p o r t ( l ) of the 'piecemeal f i l l i n g of moulds' 
theory. Amongst the ingots considered are some which have 
an i n t e r n a l c o n t r a c t i o n pipe, a f e a t u r e which would be 
impossible i f the ingots had been c a s t by i n t e r m i t t e n t 
pouring. The Richborough ingotV 2/ ( F i g . 71 ) i s one showing 
a pipe. W h i t t i c k ' s paper i s an outstanding c o n t r i b u t i o n to 
the study of Roman technology. 
(1) See h i s "Roman Mining i n B r i t a i n " , Trans. Newcomen Soc., 
1931-2, X I I , 62. 
(2) J.P. Bushe-Fox, " F i r s t Report Richborough", Soc. A n t i q . 
Research Rep., 1926. 
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The D e s i l v e r i s a t i o n of Lead 
Lead can be d e s i l v e r e d by melting i t a t a low 
temperature on a s l o p i n g h e a r t h so that the lead slowly 
flows away from the more i n f u s i b l e i m p u r i t i e s copper, 
antimony, s i l v e r and so on. The process i s known t e c h n i c a l l y 
as l i q u a t i o n . The r e s i d u e of i m p u r i t i e s , c o n t a i n i n g the 
s i l v e r , i s then reheated on another hea r t h a t a higher 
temperature. A l l the contained metals, except the s i l v e r , 
then become o x i d i s e d and the oxides are e i t h e r blown away 
or become absorbed i n t o the hearth; the s i l v e r , which does 
not o x i d i s e , remains behind as metal. T h i s procedure i s 
" c u p e l l a t i o n " . Analyses of specimens of pre-Roman lead 
shows that no d e s i l v e r i s a t i o n was attempted, whereas the 
Romans seem to have d e s i l v e r e d a l l t h e i r l e a d . (1) 
Some pigs of lead bear the l e t t e r s E X ARG or E X ARGENT. 
There has been considerable s p e c u l a t i o n about t h i s . Does i t 
mean "from the s i l v e r works" or does i t mean that the lead 
has been d e s i l v e r e d ? J.A. Smythe has shown ( 2 ) that some 
of the Derbyshire pigs marked E X ARG. could never have been 
cupelled , and that two pigs from Brough a c t u a l l y have 
embedded fragments of galena which could not p o s s i b l y have 
s u r v i v e d c u p e l l a t i o n . Thus the most l i k e l y meaning of 
E X A R G ( E N T A R I I S ) i s "From the s i l v e r works." 
W h i t t i c k s t a t e s that the p o s s i b i l i t y of s u p e r v i s i o n 
by mint o f f i c i a l s i n Mendip and Shropshire, a t l e a s t i n the 
second century, i s suggested by the presence on the s i d e of 
a l l the extant Shropshire pigs, and on the Mendip p i g of 
Antoninus Pius, of a palm branch done i n the c a s t i n g - an 
emblem appearing a t a l a t e r date on c o i n s and bar gold as' 
the o f f i c i a l mark of the s e n i o r a s s a y s u p e r v i s o r - and of 
a hammer mark with r e t i c u l a t e d p a t t e r n (impressed a f t e r 
c a s t i n g ) on one Shropshire p i g and on the Mendip p i g . T h i s 
l a s t pig a l s o has a c i r c l e c a s t on the other end. 
The end faces of the Mendip p i g are i l l u s t r a t e d i n 
F i g . 72 . The l e f t - h a n d p i c t u r e , i n a d d i t i o n to the palm-
branch, c l e a r l y shows the c a s t i n g s t r i a t i o n s d i s c u s s e d 
under "The C a s t i n g of lead i n g o t s . " 
(1) G. Clement Whittick, "Roman Mining i n B r i t a i n " , T r a n s. 
Newcomen S o c , 1931-32, X I I . 
(2) J.A. Smythe, Trans. Newcomen S o c , XX, 1*4-2. 
i • 
hauuii »i A in lwr l i , Anulrx ' i i . Brit ish Museum. i iuiin • 
• 
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Copper: S i t e s 
I n Roman B r i t a i n copper was mined i n Caernarvonshire 
and S h r o p s h i r e . I n Caernarvonshire the two ar e a s were 
Amlwch i n Anglesey, and a t Great Orme 1s Head. The evidence 
i s l i m i t e d , and p r i n c i p a l l y c o n s i s t s of a number of f l a t , 
round cakes of copper which have been discovered i n North 
Va l e s and Anglesey. About f i f t e e n have been found i n the 
north and west of the i s l a n d , some on s i t e s of Romano-British 
se t t l e m e n t s . These "bun-ingots" are c i r c u l a r , between 11 and 
13 inches i n diameter and l-§- to 2.\ inches t h i c k . The weight 
v a r i e s from about 25 to 50 l b . . A t y p i c a l specimen, found 
together w i t h two others a t Amlwch, Parys Mountain, Anglesea, 
i s shown i n F i g . 73 . I t s weight i s 26 l b . 12 oz; diameter, 
115 / 8 i n s . , t h i c k n e s s , about l j i n c h e s . Other bun ingots 
have come to l i g h t a t C r i c c i e t h , on the south c o a s t of 
Caernarvonshire; beside Carnedd L l e w e l l y n , and a p o r t i o n of 
one somewhere i n North Wales. ( 1 ) I n a d d i t i o n one has been 
found near Ca r l e t o n , Wigtownshire, on the south-west coast 
of S c o t land. ( 2 ) There are i n s c r i p t i o n s on some of these 
copper cakes, but i t i s not p o s s i b l e to derive much inform-
a t i o n from them. There are no emperors' names i n s c r i b e d , 
only what appear to be shortened v e r s i o n s of the names of 
p r i v a t e i n d i v i d u a l s : T V L I . IVLS, SATV or SACV. One, however, 
i s i n s c r i b e d SOCIO.R0MAE(3); t h i s i s considered to be a 
r e f e r e n c e to a mining company and t h e r e f o r e the mines must 
have been leased to "conductores" or other p r i v a t e l e s s e e s . 
I n Anglesey the bun ingots are found: i n a s s o c i a t i o n 
w ith v i l l a g e s e t tlements, as s t a t e d above. The p r i n c i p a l 
one i s Amlwch near Parys Mountain, although mining a c t i v i t y 
i s known a l s o a t Aberffraw and Pengarhedd. As f a r as we can' 
say no l a r g e i n d u s t r i a l s i t e was i n e x i s t e n c e : the ore'was 
c o l l e c t e d and presumably smelted somewhere i n the v i l l a g e s 
themselves. W.O. S t a n l e y says of Parys Mountain: . " I n the 
workings are l a r g e boulders from the sea shore, 
bearing t r a c e s of having been used as pounding stones.. Some 
of these are notched and grooved round the centre, f o r the • 
purpose of f a s t e n i n g handles to them, bound probably with, 
twigs or sinews. -Charcoal was a l s o found i n abundance, as 
described by T a c i t u s . The e a r l y workers f i r s t heated the 
rock, then c a s t water on i t , a f t e r which they e a s i l y deta^ched 
the ore w i t h stone.hammers". " I t does not appear that the 
1) R.E.M. Wheeler, P r e h i s t o r i c & Roman Wales, 271-272. 
2 ) Proc. Soc. A n t i q s . of Scotland, 1 9 3 1 - 2 , LXVI, 3 ^ 3 . 
( 3 ) Corpus I n s c r i p t i o n u m L atinarium, V I I , 1199 i 1 2 0 0 . 
Ephemeris E p i g r a p h i c a , IX, 1 2 5 8 - 1 2 6 1 . 
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Romans worked to any great depth; the process used by 
them was mostly s u r f a c e working, as the ore thus obtained 
i s u s u a l l y more carbonaceous, and e a s i e r to smelt than the 
present ores, which r e q u i r e a l l the present a p p l i a n c e s of 
a r t and s k i l l to reduce them to metal. "(1) 
Copper mining i n Anglesey has been a s s o c i a t e d , by one 
modern a u t h o r i t y , with the continued occupation of the 
Caernarvonshire f o r t a t Segontium a f t e r 3^7 A.D., although 
Chester was not occupied a f t e r t h i s date. H a b i t a t i o n of the 
f o r t continued u n t i l 383 • The f o r t , together with n a v a l 
s t a t i o n s there, and a t Holyhead, would guard the t r a n s p o r t s 
a g a i n s t r a i d e r s . ( 2 ) "That the mineral wealth of Anglesey i n 
a great measure tempted the Romans to e s t a b l i s h themselves 
i n Mona, may indeed be argued with a f a i r p r o b a b i l i t y of 
t r u t h " . "Copper, i n Rome, was an a r t i c l e of the f i r s t 
n e c e s s i t y and being l a r g e l y used i n the manufacture of 
bronze and b r a s s , and the s u p p l i e s l i m i t e d , each consignment 
from B r i t a i n was probably bought up with eagerness".(3) 
The other Caernarvonshire copper mining s i t e was a t 
Great Orme's Head. Here there i s evidence of mine workings 
(caves i n t h i s case) being i n h a b i t e d , and the general 
c h a r a c t e r of the evidence shows t h i r d and f o u r t h century 
working.(*0 "Roman e x p l o i t a t i o n i s shown by an A u r e l i a n i c 
c o i n from one working, a hoard ending a t C a r a u s i u s a t the 
mouth of another, and coins of about A.D.330 i n the v i c i n i t y 
The d i s c o v e r y of bones makes i t probable that the men' dwelt 
i n s i d e the mine as a t Llanymynech".(5) 
Copper: Furnaces 
There i s apparently no record of a Romano-British 
furnace f o r smelting copper; what evidence there might 
have been has presumably been o b l i t e r a t e d by subsequent 
working on the- same s i t e s , and a l l we have l e f t are the 
f i n d s of bun ingots, or cakes, of the metal i t s e l f . 
Gowland s t a t e s t h a t the cakes i n North V a l e s were 
"obtained by smelting ores c o n s i s t i n g l a r g e l y , i f not wholly, 
of p y r i t e s or s u l p h i d e s . 1 1 He continues with a d i s c u s s i o n of 
the furnaces probably employed: "presupposing that each 
(1) W.O. Stanley, Arch. Jour., 1873, XXX, 59-
(2) I.A. Richmond, "Roman B r i t a i n " , 155, ( P e l i c a n H i s t o r y of 
England, 2nd ed. 1963). 
(3) W.O. Stanley, l o c . c i t . , 59, 7^. 
(^)I.A. Richmond, op. c i t . , 15^. 
( 5 ) 0 . Davies, "Roman Mines i n Europe", 157, (Oxford, 1935). 
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cake was the r e s u l t of a s i n g l e smelting operation,.then 
the furnace cannot have been more than about eighteen 
inches i n diameter and twelve inches i n depth. I t s i n t e r i o r 
must have been a c o n i c a l or h e m i s p h e r i c a l c a v i t y , l i n e d w ith 
a mixture of c l a y and c h a r c o a l I t was undoubtedly 
worked by an a r t i f i c i a l b l a s t of a i r , from a bellows or 
blowing machine of some kind, which was conveyed i n t o the-
furnace by one or more b l a s t pipes which r e s t e d on the edge 
of the c a v i t y . The ore, which c o n s i s t e d c h i e f l y of copper 
p y r i t e s , would be prepared f o r smelting by e x p e l l i n g the 
gr e a t e r part of i t s sulphur by c a l c i n i n g or 'burning 1 i t i n 
heaps p i l e d up over faggots of wood. The c a l c i n e d ore was then, 
g r a d u a l l y charged i n t o the furnace i n a l t e r n a t e l a y e r s - w i t h 
c h a r c o a l , u n t i l s u f f i c i e n t had been added to produce, when 
smelted, one of these cakes of copper. When the whole was 
melted, the l a s t s l a g was removed and the molten copper loaded 
i n t o a c a v i t y i n the ground near the furnace. The metal was 
c e r t a i n l y not tapped out of the furnace, as the operation of 
tapping copper i s one of con s i d e r a b l e d i f f i c u l t y , and would, 
moreover, have been impossible i n the furnaces without 
g r e a t l y i n j u r i n g i f not d e s t r o y i n g them".(l) 
Commenting on the cakes of copper, Gowland w r i t e s t h a t 
they "bear i n t h e i r form and c h a r a c t e r s an unmistakable 
record of t h e i r h i s t o r y . They, as w e l l as s e v e r a l others 
which have been found, are of the same shape, c i r c u l a r , with 
a s l i g h t l y convex base and a rough f l a t top. The s u r f a c e of 
the top i s extremely i r r e g u l a r , being covered w i t h v e s i c u l a r -
rounded bosses and having one l a r g e c r a t e r - l i k e prominence 
near the c e n t r e . T h i s p e c u l i a r s t r u c t u r e i s not due to the 
s l u g g i s h flow of the l a s t p o r t i o n of the metal, as has been 
s t a t e d by some w r i t e r s , but has been produced i n the f o l l o w i n g 
manner: During the gradual s o l i d i f i c a t i o n of the cakes 
sulphurous a c i d gas has been f r e e l y evolved, and i n escaping 
has thrown up the g r e a t e r p a r t of the s u r f a c e of the copper 
i n t o the rough v e s i c u l a r bosses, and the portions l a s t 
f l u i d i n t o the lar g e c r a t e r - l i k e humps. T h i s phenomenon i s 
t e c h n i c a l l y termed ' r i s i n g ' , and i s seen d a i l y i n a l l copper 
works." 
T i n 
I t i s w e l l known that t i n was being mined i n Cornwall 
i n pre-Roman times. Herodotus mentions the " C a s s i t e r i d e s " 
or t i n i s l a n d s , and Posidonius and Diodorus i n the e a r l y 
f i r s t century B.C. r e f e r to Cornish t i n . A trade route 
between B r i t a i n and the Mediterranean i s d e f i n i t e l y estab-
lished'from these sources." Strabo,' w r i t i n g about the time 
(1) W. Gowland, Arch., 1899, LVI, 289. ~ 
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of C h r i s t ' s b i r t h , besides mentioning the C a s s i t e r i d e s , 
speaks of the Phoenician trade w i t h Cornwall. L a t e r the 
sea route was used by the C a r t h a g i n i a n s . 
J u s t p r i o r to the Roman occupation t i n was used i n 
coinage i n B r i t a i n . (1) However, f a i r l y c o n c l u s i v e evidence 
of t i n working of the f i r s t century B.C. has been found on 
v a r i o u s s i t e s - s l a g a t Chun C a s t l e and Penwith, (2) t i n and 
high t i n bronze a t K e n i d j a c k C a s t l e , ( 3 ) a t Redmoor near 
L u x i l i a n t i n s l a g and m e t a l l i c t i n with e a r l y L a Tene f i b u l a , 
and a t Trevelgue Head F o r t near S t . Columb Minor a c l a y 
l i n e d furnace p i t with copper and t i n s l a g . 
With the Roman occupation, even although Cornish t i n 
was f a i r l y w e l l known - Caesar mentions i t (5) - i t s e x p l o i t -
ation, dwindles c o n s i d e r a b l y and exports seem to be a t h i n g of 
the p a s t . Modern w r i t e r s assume that the conquest of Spain 
by Augustus, and consequent development of Spanish mining 
r e s o u r c e s , together with the e x p l o i t a t i o n of the p l a c e r 
d e p o s i t s 'in G a l i c i a , supplied the wants of the Mediterranean. (6) 
Nevertheless, the Roman a u t h o r i t i e s seem to have maintained 
some i n t e r e s t s i n the Cornish d e p o s i t s ; some of the s i t e s of 
La Tehe date were 1 occupied i n Roman times, and o b j e c t s of the 
e a r l y Empire have been found i n pr'oximity to the t i n streams. (7) 
-The most s t r i k i n g evidence was found a t Tregear, near Bodmin -
a f o r t i f i e d Roman enclosure housed potsherds and coins of the 
F l a v i a n period. I n the same area, a t Boxarne, Roman o b j e c t s 
of the f i r s t and second century were d i s c o v e r e d . ( 8 ) 
E x t e n s i v e Roman development begins about.2k0 A.D. 
Milestones from Go^lian I I I , G a l l u s , V o l u s i a n , Postumus, 
L i c i n j u s ^ C o n s t a n t i n e have been discovered.(9) These c o i n c i d e 
w i t h the period of d e c l i n e of the Spanish mines from 270 
to 300 A.D. Hoards of coins i n Cornwall, and d i s c o v e r i e s 
of pewter and t i n v e s s e l s not only i n Cornwall but other 
p a r t s of B r i t a i n , appear.(10) An example found among a 
(1) 0. Davies, "Roman' Mines i n Europe", lk6, (Oxford, 1935) . 
(2) Leeds, Arch., LXXVI, 205. 
(3» B o r l a s e , Arch., XLIX, 181. 
(k) 0. Davies, i o c . c i t . . 
(5) Caesar, "De B e l l o G a l l i c o " , V, 12. 
(6) 0. Davies, op. c i t . , 1^7. 
(7) B o r l a s e , "Observations on the A n t i q u i t i e s of Cornwall", .and 
" H i s t o r i c a l s k etch of the T i n trade of Cornwall". 
(8) V.C.H., Cornwall, 5; k-5. 
(9) I.A. Richmond, "Roman B r i t a i n " , 156, ( P e l i c a n H i s t o r y of 
England, 2nd ed. 1963). 
(D) V.C.H., Cornwall, 5; 21-26. 
Pewter cup: Carew, Arch., XVI, 137• 
T i n : B orlase, Arch. Jour., 1873, XXX, 325. 
75 
c o l l e c t i o n of t i n and pewter ware a t Appleshaw, Hampshire, 
was an ornamental oval d i s h o r i g i n a l l y • n i n e inches long, 
with a t i n content of 99•18$. " I t c o n s i s t s of p r a c t i c a l l y 
pure t i n , which was doubtless f i r s t used i n B r i t a i n without 
the a d d i t i o n of lead i n the f a b r i c a t i o n of v e s s e l s . " (1) 
F i n a l l y , from Camanton there i s an ingot stamped "DDNN". 
Th i s must have belonged to a period of co-regency i n the 
fo u r t h century. 
(2) 
The extremely l i m i t e d evidence of h a b i t a t i o n seems to 
show that Roman settlement i n Cornwall was confined to the 
establishment of a t r a d i n g p o s t . ( 3 ) 
Gold 
The e a r l i e s t gold deposits known i n the B r i t i s h I s l e s 
were i n Wicklow, and these are considered to have been worked 
out by the beginning of the I r o n Age. Thus Strabo and 
T a c i t u s were . r e f e r r i n g to other mines when they mention 
B r i t i s h gold; the I r i s h product could h a r d l y s t i l l be ex-
ported a t t h i s time when i t i s borne i n mind that even i n 
I r e l a n d gold o b j e c t s of the La Tine period are r a r e . (5) 
I t has been s a i d that gold was. obtained from a l l u v i a l 
d e p osits i n r i v e r s i n Cornwall, and i n L e a d h i l l s , L a n a r k s h i r e 
Scotland;(6) i t i s s i g n i f i c a n t that i n modern times small 
q u a n t i t i e s have been found on these s i t e s , but whether the 
Romans a c t u a l l y e x p l o i t e d these p l a c e r s i s very u n c e r t a i n . 
The ore-gold mine i n Roman times i n B r i t a i n i s a t Dolaucothy, 
Carmarthenshire, south-west Wales. I n c i d e n t a l l y , the only 
modern gold mine i n Great B r i t a i n i s a t p o l g e l l y , i n North 
V a l e s : the gold i s obtained from quartz v e i n s as a t 
Dolaucothy. The Roman o r i g i n of the Dolaucothy mines was 
doubted f o r many y e a r s , and has only been e s t a b l i s h e d 
r e c e n t l y . "Apart from the settlement evidence i n the v a l l e y 
the use of c r o s s cuts and of an aqueduct, the g r a f f i t i on 
the g a l l e r y w a l l s , the heavy i r o n hammer and the numerous 
m i l l - s t o n e s are a l l f e a t u r e s which can be p a r a l l e l e d i n 
Roman times. I t i s s i g n i f i c a n t that the c l o s e s t resemblances 
are to Dacia , where gold mining f l o u r i s h e d i n the middle of 
(1) Arch., 1897, LV I , 7. ' 
(2) 0. "Davie s, op. c i t . , 1^8.. 
(3) V.C.H., Cornwall, 1; 522. 
(k) R.A.S. M a c a l i s t e r , "Archaeology of I r e l a n d " , 17. 
(5) T a c i t u s , A g r i c o l a , 12; 6. 
Strabo, Geography, IV, V; 2. 
R.A.S. M a c a l i s t e r , op. c i t . , 1^8. 
(6) Rutley, "Elements of Mineralogy," 252, (Lo*?>o»i, 1953). 
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the second century, a date not f a r removed from that given 
by the f i n d s a t Dolaucothy v i l i a . Nor does i t seem that the 
cr o s s cuts slope the wrong way, and so could not be used f o r 
drainage, a piece of clumsiness that i t might be d i f f i c u l t 
to a s c r i b e to the Romans. The upper a d i t i s now c l o s e d , but 
the lower i s l e v e l so f a r as can be judged by the eye, and the 
water seems to flow slowly outwards. Along the l e f t s i d e i t 
i s paved with l a r g e roughly s e t s l a b s , to a f f o r d a dry walk. 
T h i s i s a v a r i a t i o n of the combination of drainage and 
haulage a d i t found at Rio T i n t o " . ( l ) The hoard of gold 
ornaments found c l o s e to the.workings are considered of 
second and t h i r d century date, and the deductions from the 
very l i m i t e d evidence of p o t t e r y and a c l a y lamp found on the 
s i t e , are that working before the end of the f i r s t century and 
continuing to the end of the second century, or l a t e r , was 
probable.T 2) 
The s i t e i s i n the upper v a l l e y of the R i v e r Cothy, a 
t r i b u t a r y of the Towy; i n Roman times i t l a y roughly between 
the f o r t s a t L l a n i o and Lland'overy, near to the e a s t e r n edge 
of the m i l i t a r y road between these two points which l e d to 
the l e g i o n a r y base a t Caerleon along the v a l l e y of the R i v e r 
Usk. The v i s i b l e s u r f a c e f e a t u r e s of the mining operations 
extend f o r a mile along the south-east s i d e of the Cothy 
V a l l e y . The most obvious remains are s c a t t e r e d heaps of 
waste m a t e r i a l and the two l a r g e open c u t s . 
The Roman miners f i r s t of a l l a t t a c k e d the rock, ( v e i n s 
of a u r i f e r o u s p y r i t e s a t an angle of 2 0 ° ) , working open c a s t 
to a depth of t h i r t y f e e t . The workings were then continued 1 
underground; the entrances to some of these are s t i l l evident 
on the rock f a c e . The two drainage a d i t s were s i x f e e t high 
and were d r i v e n through one hundred and eighty f e e t of s t e r i l e 
rock. The workings descended to a c o n s i d e r a b l e depth, one 
stope discovered was e i g h t y f e e t below any known a d i t . One 
w r i t e r says that the workings were abandoned because the ore 
had become too poor to repay f u r t h e r expenditure, ( 3 ) The 
evidence f o r tools- used i s composed of i r o n gads and sledge 
hammers. The workings show s i g n s , too, that f i r e s e t t i n g was 
probably used to a s s i s t i n d r i v i n g . The propping and drainage 
of the mine have been d i s c u s s e d a l r e a d y . One of the cup-marked 
stone blocks used f o r c r u s h i n g the ore can s t i l l be seen, i t 
i s named the "Carreg Pumpsaint" ( c f . the block a t the Gogofau 
mine, page 8 4 ' ) • The- ore was m i l l e d by r o t a r y querns. 
( 1 ) Arch. Cambrensis, 1 9 3 6 . 
( 2 ) Nash-Williams, "The Roman Gold Mines a t Dolaucothy, 
Carmarthenshire", B u l l . Board of C e l t i c S t u d i e s , 1 9 5 0 , 
Ik, Part 1, 8 0 . 
( 3 ) 0 . Davies, "Roman Mines i n Europe", 15^ , (Oxford, 1 9 5 3 ) . 
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Other d i s c o v e r i e s were p a r t of a stone mortar, some earthen 
pots and c r u c i b l e s , p a r t of what appears to be a wooden 
haulage sledge, and i n p a r t i c u l a r a stone with the i n s c r i p t i o n 
PCXXV-P (EDES or PASSUS). Presumably t h i s records a length 
of c o n s t r u c t i o n a l work, done maybe i n connection with the mine. 
An aqueduct f o r washing gold dust and f o r general use i n 
the mine was cut out of rock, tapping the r i v e r e i g h t m i l e s 
higher up the v a l l e y , and then i t descended i n a steady 
.gradient along the south-east s i d e to empty i n t o s e t t l i n g 
tanks and a r e s e r v o i r immediately above the main workings. 
The apparent remains of a bath b u i l d i n g are a l s o 
s i t u a t e d c l o s e to the south-east bank of the r i v e r about 
three hundred and f i f t y yards south of Pumpsaint. They 
c o n s i s t of two hypocausted rooms, with p l a i n t e s s e l l a t e d 
pavements. Objects of the f i r s t and second c e n t u r i e s are 
a s s o c i a t e d with t h i s s i t e . T h i s bath house i n d i c a t e s the 
e x i s t e n c e of a settlement; and the gold ornaments, i n d i c a t i n g 
that goldsmiths were attached to the s i t e , supports t h i s . 
Perhaps i t was not merely a coincidence that the regiment i n 
the L l a n i o f o r t ten miles away, was the second cohort of 
A s t u r i a n s , r e c r u i t e d o r i g i n a l l y from north-west Spain, one 
of the p r i n c i p a l gold mining regions, of the Empire. ( 1 / 
Davies considered that the Dolaucothy mine i l l u s t r a t e s 
the most t e c h n i c a l l y advanced methods of the Romans. ( 2 ) The 
extent of the evidence supporting a Roman date f o r the mine 
makes the theory of a mediaeval o r i g i n impossible; i t i s 
worth noting that the only mining operations i n B r i t a i n under 
the Normans are "shallow grubbings with no s c i e n t i f i c 
technique. ( 3 ) 
S i l v e r r e f i n i n g 
The process of r e f i n i n g s i l v e r i s based on the f a c t s 
that s i l v e r does not o x i d i s e , and that i t can r e a d i l y be 
a l l o y e d w i t h lead which does o x i d i s e . The impure s i l v e r and 
some lead are melted together and the r e s u l t i n g a l l o y i s then 
heated i n a b l a s t of a i r which o x i d i s e s the l e a d (and any 
other m e t a l l i c i m p u r i t i e s ) . Some of these oxides blow away, 
while the remainder are absorbed by the h e a r t h on which the 
operation i s performed; the s i l v e r i s l e f t behind as pure 
metal. I f the hearth i s made of calcium phosphate ("bone ash") 
the absorption i s e x c e p t i o n a l l y e f f i c i e n t , p a r t i c u l a r l y i n the 
( 1 ) Nash-Williams, op. c i t . . 
( 2 ) 0 . Davies, op. c i t . , 1 5 5 . 
( 3 ) Arch. Cambrensis, 1 9 3 6 . 
• 
mm 
; - :••/ I 
•K-T 
• 
3 8 
Perspective view. Section on the line A B. 
inches 
inches 
r r 
d 
B a d t - f - ^ 
Plan. Plan with the covering slabs removed. Fig./4-.noman cupellation furnace. Fig."^ £.Roman cupellation furnace. 
1 
- •; 
• 
78 
case of lead oxide. T h i s r e f i n i n g process, i t s e l f a 
c u p e l l a t i o n , can be done on impure s i l v e r from any source, 
and i t would fo l l o w the primary c u p e l l a t i o n c a r r i e d out i n 
the case when the s i l v e r i s being obtained as a by-product 
from lead smelting (see page 70 ). 
I t was thought that the Romans knew only of hearths of 
c l a y e y marl ^ which have a l i m i t e d a b s o r p t i v e c a p a c i t y - f o r 
r e f i n i n g s i l v e r , u n t i l some m e t a l l i c cakes found i n two 
houses and a shop a t S i l c h e s t e r i n 189^ were analysed. I t 
was then f o u n d ( l ) that the specimens.were s a t u r a t e d w i t h lead 
and copper oxides, and that they had a r e l a t i v e l y high content 
of calcium phosphate. T h i s a t once suggested bone ash, and 
the presence of a small globule of s i l v e r embedded i n one of 
the cakes showed that here, f o r the f i r s t time, was evidence 
that a bone ash h e a r t h had been used i n a c u p e l l a t i o n process 
f o r r e f i n i n g s i l v e r . One of these hearths was so porous that 
part of the o r i g i n a l a l l o y had sunk i n t o i t without f i r s t 
becoming o x i d i s e d . The a l l o y was a r g e n t i f e r o u s copper, very 
l i k e t h a t of the coins i s s u e d during the t h i r d century period 
of i n f l a t i o n , and i n support of t h i s the S i l c h e s t e r C o l l e c t i o n 
i n Reading Museum contai n s a few c o i n s of Carausius (287-293) 
p a r t l y melted down.(2) 
Gowland(3) i n Figs.74 & 75 has attempted on m e t a l l u r g i c a l 
grounds to c o n j e c t u r e how these c u p e l l a t i o n or r e f i n i n g 
furnaces may have been c o n s t r u c t e d : The metal to be c u p e l l e d 
would be placed i n c a v i t y *b' on c h a r c o a l r e s t i n g on the 
bone ash h e a r t h 'a' (renewed a f t e r each operation) which i s 
supported by c l a y or marl ' c 1 ; 'd* and 'e* are s i d e w a l l s and 
a cover, r e s p e c t i v e l y , of c l a y s l a b s ; ' f* i s an aperture to 
take a pipe or tuyere from a.bellows. 
(1) W. Gowland, Arch., 1900, L V I I , 313. (2) R.C. Boon, "Roman S i l c h e s t e r 1 1 , 190, (London, 1957). 
(3) W. Gowland, "loc. c i t . . 
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MINING. 
Mine C o n s t r u c t i o n . 
I n winning most of t h e i r ore from de p o s i t s near the 
s u r f a c e i n t h i s country, the Romans had no need of e x t e n s i v e 
underground mine workings. Thus c o a l was mined opencast, and 
no d i r e c t evidence e x i s t s of working underground. The 
evidence we have of s h a f t s and a d i t s i n B r i t i s h mines i s 
s m a l l , but there i s no doubt that i n c e r t a i n i n s t a n c e s they 
were found n e c e s s a r y to work a v e i n of ore out thoroughly. 
I n a n c i e n t and Roman times s h a f t s were sunk at c l o s e i n t e r v a l s , 
passages or caves l e a d i n g o f f . ( l ) T h i s was done i n preference 
to s i n k i n g one or two s h a f t s and making underground tunnels, 
which Was d i f f i c u l t to accomplish and took a long time. 
I-n Spain, a t A l j u s t r e l , mining law decreed that f i v e s h a f t s 
had to be sunk- i n each concession i s s u e d . t o p r i v a t e c o n t r a c t o r s ; 
perhaps to ensure a thorough e x p l o i t a t i o n of the a r e a of 
ground.(2) "Whether a l e g a l reason e x i s t e d f o r any types of 
mine c o n s t r u c t i o n adopted i n B r i t a i n i s unknown; 
I n mine c o n s t r u c t i o n , the a n c i e n t method of s i n k i n g 
s h a f t s was as f o l l o w s : (3) Using a pick, the workmen excav-
ated v e r t i c a l l y , c u t t i n g deeper on the s i d e where the v e i n of 
ore was s i t u a t e d , and where, through t h e i r general knowledge, 
they knew the rock would break a t the point of contact.. Thus 
the s t r i a t i o n s on .the side w a l l s of the s h a f t became i n c r e a s -
i n g l y d i a g o n a l . The w a l l opposite the v e i n was not cut back 
a t f i r s t , but i n s t e a d as work progressed the miner removed 
about two inches of rock n e a r l y to the f l o o r of the s h a f t to 
prevent i t c o n t r a c t i n g . T h i s operation l e a v e s evidence i n 
the form of v e r t i c a l t o o l marks on the w a l l i n q u e s t i o n . 
Beam holes were cut out as the s h a f t descended. 
A r c h a e o l o g i c a l experience has shown that a n c i e n t 
g a l l e r i e s were sm a l l and narrow, and the v e i n of ore was 
l a i d bare i n the most convenient and q u i c k e s t way. Thus, 
us i n g t o o l s , the rock was chipped up to the hanging, or foot 
w a l l , which would s p l i t e a s i l y . However, t h i s method of 
(1) 0; Davies, "Roman Mines i n Europe", 1?» (Oxford, 1935). 
(2) H. L o u i s , "Some Aspects of Mining Laws under the Roman 
Empire11,- (Univ. of Durham P h i l . S o c , 192l). 
(3) 0. Davies, op. c i t . , 21. 
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working meant very slow progress, and f o r d r i v i n g a g a l l e r y 
the method known as " f i r e - s e t t i n g " was widely recognized i n 
a n c i e n t t i m e s . ( l ) "Whether any s o r t of b a t t e r i n g ram was 
ever employed i n t h i s country i s not known. I n f i r e - s e t t i n g 
the rock was heated and then cooled r a p i d l y w i t h water;, 
t h i s caused the rock to s p l i t more e a s i l y when t o o l s were 
used on i t . P l i n y mentions Roman miners u s i n g vinegar 
i n s t e a d of water, as i t was a b e t t e r agent f o r s p l i t t i n g 
the rock. (2) One modern a u t h o r i t y , commenting on a theory 
that the vinegar was p o s s i b l y poured i n t o h o l e s cut i n t o the 
rock, s e a l e d up and then heated, the r e s u l t a n t explosion 
(caused by the v i o l e n t e v o l u t i o n of carbon d i o x i d e ) f r a c t u r i n g 
the rock, says that the explosion would more c e r t a i n l y blow 
the s e a l out than break the r o c k . w ) A g r i c o l a mentions f i r e -
s e t t i n g , although he does not r e f e r to the c o o l i n g of the 
rock by a r t i f i c i a l methods. 
I n the i r o n mine a t Lydney, i n the F o r e s t of Dean, -flae-
workings were cut through ferruginous marl, f o l l o w i n g j o i n t s 
i n the dolomite.(^) A p a r t i c u l a r working found was a very 
narrow passage between eighteen and twenty-four inches wide, 
one of many s i m i l a r workings s i t u a t e d on a h i l l . ( 5 ) I n the 
F o r e s t of Dean, the Romans f i r s t sank.a l a r g e p i t between 
twenty and t h i r t y f e e t i n diameter and then followed up the 
v e i n of ore which had thus been l a i d bare.(6) The i r o n 
workings i n the h i l l s of the Dowards, i n H e r t f o r d s h i r e , have 
been described as f o l l o w s : "The entrances through the caverns 
are s t i l l the o b j e c t s of c u r i o s i t y , and although now clogged 
up, they have been entered and a s u c c e s s i o n of chambers 
discovered and rude g a l l e r i e s running i n more than one 
d i r e c t i o n " . (7) I n the copper mine a t Llanymynech, Shropshire, 
the miners l i v e d i n a cave from which r a n g a l l e r i e s w ith 
v e n t i l a t i o n s h a f t s . T h i s i s an account of these workings 
and others a t C l i v e , near G r i n s h i l l : "Some of the s h a f t s 
and passages discovered were extremely sinuous, extending as 
much as two hundred y a r d s . They were, u s u a l l y from a yard to 
(1) O. Davies, op. c i t . , 20-21, 
(2) P l i n y , "Natural H i s t o r y , " x x x i i i ; 4,71; I I f ^9, 132. (3) 0. Davies, "Roman and Mediaeval Mining Technique", Trans. 
I n s t . Mining & Met., 1933-4. 
(k) 0. Davies, op. c i t . , 153. (5) R.E.M. Wheeler, "Excavations a t Lydney" 1932, 18-22. (6) R. Hunt, " B r i t i s h Mining", 28,(London, 1884). 
(7) R. Hunt, op. c i t . , 28. 
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three yards wide, and o c c a s i o n a l l y developed i n t o broad 
and l o f t y chambers. The long passages f r e q u e n t l y terminated 
i n s mall holes about the s i z e to. admit a man's arms, as i f 
the s t r i p s of metal had been worked out. Twenty copper coins 
were found i n these mines, ranging from the e a r l i e s t emperors 
to a l a t e period of Roman sway. -CD At Dolaucothy gold was 
mined opencast and then the workings were extended by long 
underground g a l l e r i e s . I t i s q u i t e p o s s i b l e t h a t i n the 
Mendips lead was mined by underground g a l l e r i e s d r i v e n i n t o 
the slopes of the h i l l s ; u n f o r t u n a t e l y , l a t e r mining i n 
t h i s r i c h ore-producing area has been so i n t e n s i v e that no 
d e f i n i t e evidence of Roman underground mining remains. 
I n the lead f i e l d of southrwest Shropshire, i n the 
Shelve d i s t r i c t , the ore was mined both opencast and by means 
of a d i t s . The workings have been v i v i d l y d e s c r i b e d : "Two of 
three v e i n s had cropt out almost p a r a l l e l to each other, and 
the Roman miners a c t u a l l y cut the mountain from top to bottom, 
i n t o great r i d g e s or grooves. We might suppose from -ftie 
appearance that'they began a t the bottom, and then a f t e r they 
had followed the metal i n one spot as' f a r as they could, they 
commenced immediately above, and f i l l e d up the previous ex-
ca v a t i o n with the waste from the new one. As we approach the 
top of the h i l l the remains of these excavations take the 
form.of v a s t caverns, which have e v i d e n t l y gone to a great 
depth, but the entrance has been clogged up with f a l l e n 
rock."(2) 
I t i s obvious that f i r e - s e t t i n g , w i th consequent smoke 
fumes, would be much more s u i t a b l e f o r opencast mining r a t h e r 
than underground working. C3) One w r i t e r has pointed out 
that a t the Roman mines a t Laurium, i n A t t i c a , mining con-
c e s s i o n s were granted only f o r a s p e c i f i e d period of time, 
and because the fumes from t h i s method made the mines unin-
h a b i t a b l e i t was not used much. Whether t h i s happened i n 
B r i t a i n we cannot t e l l . N e v e r t h e l e s s , the use of f i r e - s e t t i n g 
g e n e r a l l y r a i s e d problems of v e n t i l a t i o n . Sometimes, of 
course, the nature of the ground i n the mining area allowed 
a d i t s to be d r i v e n a t d i f f e r e n t l e v e l s , ' and thus communicating 
(1) R. Hunt, op.cit.,'27. 
(2) R.. Hunt, op. c i t . , 27. 
(3) 0. Davies, "Roman & Mediaeval Mining Technique", 20. 
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w i t h g a l l e r i e s helped to produce some d r a u g h t ( l ) . Drainage 
a d i t s helped i n t h i s f a s h i o n * Again, i n a s e r i e s of g a l l e r i e s 
f i r e - s e t t i n g would a s s i s t v e n t i l a t i o n , by c r e a t i n g a draught 
i n one of the other g a l l e r i e s . S h a f t s could be sunk along the 
l i n e of the g a l l e r i e s , and the method of s i n k i n g s h a f t s i n 
p a i r s , j o i n i n g a t the bottom, was used i n a n c i e n t times* 
P l i n y mentions "the f l a p p i n g of c l o t h s " to produce a draught.(2) 
But there i s l i t t l e doubt t h a t the way work i n mines was looked 
on, as obnoxious and dangerous, must have owed not a l i t t l e to 
the g e n e r a l l y poor v e n t i l a t i o n of the workings. 
L i k e v e n t i l a t i o n , the drainage of an underground mine 
presented the Romans and a l l e a r l y miners w i t h an awkward 
problem. However, i n B r i t a i n the s u i r f i c i a l c h a r a c t e r of 
mining compared with that of other Roman provinces d i d not 
c r e a t e many d i f f i c u l t i e s . At the Dolaucothy gold mine the 
g a l l e r i e s were drained by c r o s s a d i t s , i n the h i l l s i d e . Here 
there are the remains of the only known drainage machine used, 
by the Romans i n t h i s country: a wooden water wheel, which 
would be one of s e v e r a l employed i n the low g a l l e r i e s of the 
mine. A- water wheel revolved i n a v e r t i c a l plane, l i f t i n g 
water from one trough and d i s c h a r g i n g i t i n t o another. They 
sometimes worked s i n g l y , or i n p a i r s r e v o l v i n g i n opposite 
d i r e c t i o n s . Apart from the i n s t a n c e mentioned, drainage of 
B r i t i s h mines was by a d i t s , or, more u s u a l l y , by b a l i n g wi:th 
a bucket, perhaps of l e a t h e r (one made of copper was dredged 
from the Thames and was s i m i l a r to examples i n S p a i n ) , (.3) 
or of metal. 
The use of a number of buckets, attached to a v e r t i c a l 
cord, i n drainage operations, cannot be proved f o r mining 
before the f i f t e e n t h century. 
For l i g h t i n g underground g a l l e r i e s Romans and Greeks 
used o i l lamps w i t h one or more spouts, placed i n n i c h e s cut 
i n the s i d e w a l l s . ( 5 ) P l i n y s t a t e s t hat o i l lamps were 
used f o r measuring the length of " s h i f t s " . There has been 
no evidence found i n B r i t a i n of methods of. l i g h t i n g , and we 
can only assume t h a t s i m i l a r procedure was followed here. 
I n the narrow underground g a l l e r i e s of B r i t a i n , propping 
was r a r e l y needed. However, the Dolauc<othy workings have 
y i e l d e d evidence of the use of heavy timber framing - beams 
of ten f e e t i n length - besides rock p i l l a r s f o r supporting 
the roofs of the g a l l e r i e s . 
(1) 0. Davies, "Roman Mines i n Europe," 23* 
(2) P l i n y , o p . c i t . . 
(3) G. Clement W h i t t i c k , "Roman Mining i n B r i t a i n , 11 Trans. 
Newcomen S o c , 1931-32, X I I , 62. 
{h) 0. Davies, "Roman & Mediaeval Mining Technique." 21. 
(5) G. Clement W h i t t i c k , o p . c i t . . 
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Mine Working. 
Tools f o r c u t t i n g and breaking rock were of i r o n and 
stone i n a n c i e n t mines. Both Greeks and Romans used i r o n 
t o o l s , and looking a t the h i s t o r y of e a r l y mining as a whole 
there i s l i t t l e d i f f e r e n c e to be observed i n the types of 
to o l s used i n d i f f e r e n t : mining c o u n t r i e s a t v a r i o u s times. 
E a r t h or s o f t rock could be cut with a p i c k . A t y p i c a l 
example from the copper workings a t Westbury Brook, Llanymynech, 
was l i t t l e l a r g e r than a modern g e o l o g i c a l hammer with a s i n g l e 
blade, s l i g h t l y curved. ' E v i d e n c e of a s i m i l a r diminutive 
p i c k was found i n the Lydney Park i r o n minev^) where c l e a r 
impressions of a p i c k were v i s i b l e . At the i r o n mine a t 
Lydney i n the F o r e s t of Dean i t i s a l s o p o s s i b l e to see t h a t 
a p i c k has been used from the curved s t r i a t i o n s on the 
w a l l s ( 3 ) . E a r l y miners i n other: p a r t s of the world used i r o n 
p i c k s of v a r y i n g types, e i t h e r s i n g l e or double ended, s t r a i g h t 
or curved 00. For h e a v i e r working the standard p r a c t i c e was 
to use a gad, which, d r i v e n by a hammer i n t o a hole or f i s s u r e 
i n the rock, would s p l i t i t ( 5 ) . Often the g^d was of i r o n . 
A gad l e a v e s marks forming a rough net-work p a t t e r n upon 
g a l l e r y w a l l s . The gangue heaps produced by a ;gad are composed 
of small chips of rock, and q u a n t i t i e s of dust. The hanm.ers 
employed were of . stone,., with a groove around the middle and 
sometimes another a c r o s s the back f o r the attachment of the 
wooden handle. Specimens' have, been discovered i n the Shrop-
s h i r e - H e r t f o r d s h i r e lead f i e l d . (6) There are remains of 
e a r l y Roman hammers i n the''Ashmolean Museum, Oxford. Stone 
t o o l s l i k e p i c k s or wedges were pa s s i n g out of use i n Roman 
times, although they seem to have been c o n t i n u a l l y i n use i n 
Wales, f o r example m u i l e r s have been found on old t i p s i n the 
S h r o p s h i r e - H e r t f o r d s h i r e lead area, and i n the Roman h i l l -
f o r t s of Cardigan and Montgomery, w h i l s t r i l l e d hammers were 
discovered i n the settlements of Braich-y-Dinas and Ogof-
Widdon. (7) I t i s reasonable to assume that wooden spades 
were used i n B r i t a i n ; they were used i n mining u n t i l the 
c l o s e of the mediaeval period* A spoon type of spade, w i t h 
handle and blade i n one piece, from Charterhouse-on-Mendip, 
i s considered Roman. (-®) A g r i c o l a mentions the use of a two-
piece spade, but with a handle f i x e d to the end of the blade, 
as i n modern times. 
(1) 0. Davies, "Roman Mines i n Europe," 32. 
(2) G. S c o t t - G a r r e t t , "Roman I r o n Mine i n Lydney Park," Trans. 
B r i s t o l & G l o s . Arch. Soc., 1959, 2§, 86-91. 
(3) 0. Davies, "Roman Mines i n Europe," 32. 
(41 G. Clement W h i t t i c k , op. c i t . . 
(5) 0. Davies, op. c i t . . 
(6) 0. Davies, op. c i t . . 
(7) Cardigan & Montgomery: 0. Davies, op. c i t . , 38. Braich-y-Dinas: Hughes, Arch. Cambrensis, 1922. 346. Ogof-Widdon: R.C.H.M., "Wales & Monmouth: Montgomery." 
(8) S c a r t h , Proc. Bath Nat. H i s t . & A n t i q . F i e l d C l u b , I I I , 334. 
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Specimens of Roman shovels were found a t the lead mines a t 
Greenhow H i l l , Y o r k s h i r e , a t Shelve i n Shropshire 
U ) . and i n 
the Mendips C2). Made from oak, they are about nine inches 
wide and vary from twelve to s i x t e e n inches i n length. T h e i r 
shape i s that of the spade s i l h o u e t t e i n a pack of c a r d s . 
Near the centre a hole was cut, s l o p i n g backwards to the 
p r o j e c t i n g 'bead', s a i d to be f o r the i n s e r t i o n of the handle. 
Fig.76 shows the Shelve specimens (now i n Birmingham U n i v e r s i t y 
G e o l o g i c a l Museum); these have a l s o been de s c r i b e d as "spades", 
but we suggest that they may have been used as s c r a p e r s : the 
p r o j e c t i n g p i e c e i s c l e a r l y a handle, and i f t h i s were gripped 
by the r i g h t hand while the l e f t hand gripped another short 
handle p r o j e c t i n g from where the hole i s , an e f f e c t i v e t o o l 
would r e s u l t . I t i s perhaps s i g n i f i c a n t t h a t ( c o n s i d e r i n g the 
l e f t - h a n d specimen i n F i g . 76 ) i t i s the l e f t s i d e which 
shows the g r e a t e s t wear, j u s t what one might expect i f the 
implement had been used as a s c r a p e r by a right-handed man. 
The right-hand specimen i s the longer of the two, perhaps 
i n d i c a t i n g l e s s use and t h e r e f o r e a l e s s w e l l - d e f i n e d region 
of wear (or d i d i t s l e f t s i d e break under s c r a p i n g s t r e s s 
e a r l y i n i t s l i f e , so that i t was discarded as a t o o l ? ) . 
The ore i t s e l f when mined was c a r r i e d away i n baskets, 
wooden t r a y s or sacks.(3) I n c i d e n t a l l y , a f i f t e e n t h century 
brass i n Newland Church, i n the F o r e s t of Dean, shows the 
miner.with a small hod strapped on h i s back. Whether any more 
advanced methods of t r a n s p o r t i n g ore to the furnace were dn 
use i n B r i t a i n cannot be a s c e r t a i n e d . 
Treatment of Ores. 
I n B r i t a i n the s i t u a t i o n of heaps of s c o r i a s show that 
the ores were t r e a t e d c l o s e to the mines themselves. The f i r s t 
stage i n the m e t a l l u r g i c a l operations was s o r t i n g by hand. 
A f t e r s o r t i n g the ore was crushed and was ground or pounded to 
a stage v a r y i n g with each m i n e r a l . I n the e a r l i e s t days of 
mining, i n p r e h i s t o r i c times, ore was pounded with r i l l e d 
hammers, or m u l l e r s , e i t h e r s p h e r i c a l or pear shaped on cup 
marked querns. T h i s method of pounding was i n use i n Roman 
days, and a t Dolaucothy there i s a l a r g e stone block, deeply 
cup marked, used f o r reducing the ore(*0. F i g . 77 shows a 
s i m i l a r block, found near the a n c i e n t workings of the Gogofau 
(1) V.C.H., Somerset, I , 337. 
(2) G. Clement W h i t t i c k , op. c i t . . 
(3) G. Clement W h i t t i c k , op. c i t . . 
(k) Nash-Williams, "Roman Gold Mine a t Dolcaucothy, Carmarthen-
s h i r e , " B u l l e t i n of Board of C e l t i c S t u d i e s , 14, P a r t 1, 
November, 1950. 
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mine, Carmarthenshire 
(1). A l t e r n a t i v e l y , the ore could be 
beaten i n mortars, and Diodorous mentions that beaters of* 
i r o n were used.(2) Mortars found at Wilderspool, near 
Warrington, measured from two to two and a h a l f f e e t across 
the top, while the i n t e r i o r was approximately ten inches 
wide and seven inches deep, one s i d e having been worn down 
by the beating process.(3) 
Washing followed, and f o r t h i s purpose the ore was 
s i f t e d . Washing was a p a r t i c u l a r l y e f f e c t i v e process where 
gold mining was concerned, owing to the high s p e c i f i c g r a v i t y 
of the m i n e r a l s . The F u r n e s s ' C h a r t e r s however show that 
i t was a l s o used f o r i r o n i n a deposit of c l a y . At 
Dolaucothy wooden panning c r a d l e s were used f o r the washing 
operations.(5) How ore was washed i n other .parts of B r i t a i n 
i s not known. I n France and Europe i n general, s l o p i n g 
" t a b l e s " of wood were used. An example from France was 
constructed from oak planks about t h i r t e e n f e e t long and three 
f e e t s i x .Inches i n width. Water tanks had been b u i l t nearby. (6) 
I n Strabo we f i n d mention of s i f t i n g crushed ore through s i e v e s , 
over water; the r e s i d u e was removed and again beaten, the 
operation being repeated f i v e times f o r good r e s u l t s . ( 7 ) 
( l ) I l l u s t r a t i o n taken from a Woodcut i n a papar by Warrington 
W. Smyth, "Note on the Gogofau, or Ogofau mine, near 
Pumpsant, Caermarthenshire," Memoirs of the G e o l o g i c a l 
Survey of Great B r i t a i n , I , 483. 
(2^ Diodorus S i c u l u s , I I I , 13. 
(3) Thomas May, Excavations a t Wilderspool, 1899-1900. 
(k) 0. Davies, op. c i t . , kO-kl. 
(5) Nash-Williams, op. c i t . 
(6) G. Clement W h i t t i c k , op. c i t . . 
(7) Strabo, Geography I I I , 2; 10. 
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COAL. 
I t i s certain, t hat c o a l was used f o r many purposes i n . 
Roman B r i t a i n , and th a t i n some cases i t was considered 
v a l u a b l e enough to be c a r r i e d s u b s t a n t i a l d i s t a n c e s from i t s 
source to the place of use,. I n surveying the c r a f t s of Roman 
B r i t a i n i t i s the r e f o r e d e s i r a b l e to incl u d e some of the 
evidence f o r the winning and u t i l i s a t i o n of c o a l . 
The most s t r i k i n g r e f e r e n c e to B r i t i s h c o a l among 
an c i e n t w r i t e r s i s found i n the " C o l l e c t a n e a Rerum Memorabilium" 
of the t h i r d century w r i t e r S o l i n u s . W r i t i n g about Bath, he 
de s c r i b e s the use of c o a l i n the temple of S u l i s : "The 
p r e s i d i n g d e i t y of these springs i s Minerva, i n whose temple 
the perpetual f i r e never turns i n t o white wood ash, but, when 
the flame d i e s down, i n t o stony m a s s e s . " ( l ) T h i s has g e n e r a l l y 
been recognized as a r e f e r e n c e to c o a l from the Somerset 
d e p o s i t s . Graham Webster s t a t e s that c o a l and i t s q u a l i t i e s 
were not w e l l known i n the a n c i e n t world, but points out that 
i n L a t i n w r i t e r s the word "carbo" apparently was i n use f o r 
both c o a l and c h a r c o a l , and whichever was a c t u a l l y meant i s 
not always c l e a r from the context. (2) 
Almost c e r t a i n l y a l l the B r i t i s h c o a l was won from out-
crops, or a f t e r outcrops had been followed below the s u r f a c e 
of the ground so that shallow excavation would be n e c e s s a r y . 
There i s no c o n c l u s i v e evidence of any underground mining of 
c o a l . (3) Nearly a l l the s i t e s where c o a l has been found are 
s i t u a t e d on, or very c l o s e to, c o a l f i e l d s . There are, 
however, one or two i n t e r e s t i n g exceptions, and, ta k i n g these 
i n t o account i t i s p o s s i b l e to s i n g l e out four major areas 
where c o a l was i n r e g u l a r use by e i t h e r m i l i t a r y or c i v i l 
consumers• 
( i ) . Southern Scotland and the no r t h of England. 
T h i s region shows the most ext e n s i v e use of c o a l , and so 
frequent are the d i s c o v e r i e s o f . i t i n "the m i l i t a r y g a r r i s o n s 
of northern B r i t a i n that i t i s s a f e to assume i t s mining was 
a standard f e a t u r e of m i l i t a r y work* S c o t t i s h , Tyne v a l l e y 
and Cumberland c o a l appears i n the f r o n t i e r f o r t s . On the 
Antonine Wall i t was used i n a t l e a s t four of the f o r t s . For 
example, a t C a s t l e c a r y q u a n t i t i e s of s m a l l c o a l , no piece 
(1) V.C.H., Somerset, 1; 220. 
(-2) Graham Webster, "A note on the Use of Coal i n Roman 
B r i t a i n " , A n t i q s . Jour., 1955, XXXV, 199-
(3) See R.A. Pe e l , "Mining & Minerals i n Roman B r i t a i n " , 
27-28, (Univ. of Durham, B.A. D i s s e r t a t i o n , 1957). 
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l a r g e r than a cube of one inch., were found outside the 
granary w a l l s . ( l ) At Bar H i l l a l a y e r of c o a l about s i x 
inches t h i c k was found covering the bottom of a hole measuring 
f i v e f e e t i n length and s i x f e e t i n breadth. (2) 
Coal i s a f a i r l y common di s c o v e r y i n the f o r t s on the 
l i n e of Hadrian's W a l l . At Housesteads part of the guard 
chamber a t the E a s t Gate had been wa l l e d up f o r use as a 
c o a l s t o r e , and a c a r t - l o a d of n e a r l y a ton was found there.(3) 
At Carvoran some lar g e c o a l c i n d e r s were discovered i n digging 
operations on the foundations of the f o r t ; (4) a t C a s t l e steads 
c i n d e r s were found i n the r u i n s of the bath house.(5) A piece 
of c o a l was found during excavations on the Mucklebank w a l l 
t u r r e t i n circumstances which showed i t came from one of the 
nearby outcrops. More was found at Great C h e s t e r s . ( ^ ) A l i t t l e 
north of the Wall a l a r g e q u a n t i t y was found i n the bath house 
of the Risingham f o r t , (7) and s i m i l a r q u a n t i t i e s were found 
south of the Wall at P a p c a s t l e . (8) and i n the v i c u s , w i t h 
i r o n s l a g , a t Maryport.(9) Coal was found i n the commandant's 
house a t Rudchester, and a l s o on the Corbridge and South. 
S h i e l d s s i t e s . ( l O ) . 
I n northern B r i t a i n the c o a l f i e l d s of Y o r k s h i r e and 
L a n c a s h i r e were e x p l o i t e d a l s o . At the f o r t i n Templebrough 
near Rotherham a l a r g e q u a n t i t y was found i n the commandant's 
house. A s t o r e was found i n the f o r t a t Manchester, too. (11) 
The i n d u s t r i a l s i t e of Wilderspool, near Warrington, (according 
to Collingwood a disused f o r t ) , y i e l d e d much c o a l and C o l l i n g -
wood. s t a t e s that i t was recognised as a type known as "Wigan 
Nuts" and must have been transported a t l e a s t twelve miles to 
the s i t e . ( 1 2 ) May mentions t h a t cannel c o a l was discovered 
i n a s s o c i a t i o n with o r d i n a r y c o a l here.. (13) The evidence a t 
Wilderspool shows that c o a l was i n g e n e r a l use as f u e l and 
regularly.mined and transported there* 
(1) Proc. Soc. A n t i q s . Scotland, 37, 313. 
(2) Macdonald & Park, "Roman F o r t s on Bar H i l l " , 62. 
(3) J . Collingwood Bruce, "Handbook to the Roman Wall" 124, 
(Llth ed., 1957) • 
(4) W a l l i s , " H i s t o r y of Northumberland, I , 119. 
5) Hutchinson, " H i s t o r y of Cumberland", 1, 114. 
6) Arch. A e l . , XXIV, 16 & 48. 
(7) I.A. Richmond, "Roman B r i t a i n " , 159, ( P e l i c a n H i s t o r y 
of England, 2nd ed. 1963). 
(8) Trans. Cumberland & Westmorland Arch. Soc., S e r i e s 2; 13,40. 
(9) Trans. Cumberland & Westmorland Arch. Soc., S e r i e s 1; 5» 
248, 251. 
(10 ) Rudchester: Arch. Ael.,. 1925.' 108. Corbridge: Arch. Ael.,. 1910, 267. South ShieHs: Arch., XLVI, 170. 
(31) T„May, "Excavations a t the Roman F o r t a t Templebrough'.1,1922, 55• Mancunium: Reeder, "Roman Manchester", 151 - 159• 
Whitaker, " H i s t o r y of Manchester", 50. f l 2 ) T . May, "Excavations a t Wilderspool", 1899 - 1900; 19-25. (13) T. May, "Warrington's Roman Remains", 76 (Warrington, 1904). 
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( i i ) The western edge of the Midlands: a l i n e of. 
settlements s t r e t c h i n g roughly from about Chester i n the 
north to near G l o u c e s t e r i n the south. 
I n the case of the c o a l found i n a s s o c i a t i o n with i r o n 
smelting i n Anglesey a t Din L l i g w y ( l ) , and found a t Heron-
bridge near C h e s t e r ^ ) ^ the mineral must have come from the 
F l i n t s h i r e f i e l d . Thus c o a l must have been c a r t e d about 
s e v e n t y - f i v e m i l e s to the i r o n smelting s i t e . T h i s f i e l d 
would provide c o a l f o r lead smelting a t Pentre i n F l i n t s h i r e . ( 3 ) 
At Wroxeter c o a l found nearby was used f o r heating, maybe i n 
bath f u r n a c e s . 
During excavations a t Caerwent i n Monmouthshire sma l l 
cubes of c o a l were f r e q u e n t l y discovered i n some of the 
Roman houses.(5) Coal i n t h i s i n s t a n c e would be obtained 
from e i t h e r the South'Wales or F o r e s t of Dean f i e l d s ; 
s i m i l a r l y , that found i n the i r o n smelting settlement a t 
Weston under Penyard would be from e i t h e r source. (6) A 
d i s c o v e r y of c o a l has been recorded a t the v i l l a a t E l y , 
near C a r d i f f . (7) 
( i i i ) South-western England: s m a l l settlements i n 
G l o u c e s t e r s h i r e , Somerset, W i l t s h i r e and Dorset. 
The c o a l must have been obtained i n these cases from 
the Somerset f i e l d , and the deduction made by Collingwood 
and Webster i s t h a t i t s d i s t r i b u t i o n f o r the domestic use of 
i n h a b i t a n t s (there i s no record of i t s i n d u s t r i a l use) was 
organised on a commercial b a s i s . As s t a t e d e a r l i e r , c o a l was 
used as f u e l i n the Temple of Minerva a t Bath. I n W i l t s h i r e 
s e v e r a l s i t e s have y i e l d e d c o a l - v i l l a s a t Stanton S t . 
Quentin and a t Baydon on the W i l t s h i r e - B e r k s h i r e border, 
v i l l a g e s a t Stockton, Knook and S i l b u r y H i l l . (8) I n Dorset 
c o a l has been, discovered a t the. v i l l a a t N u t h i l l s , near 
Calne.(9) At the v i l l a of Spoonley, G l o u c e s t e r s h i r e , the 
c o a l found probably had as i t s f i e l d of o r i g i n the F o r e s t 
of Dean. (10-), C o l l ingwood comments t h a t : " I t i s c l e a r that 
the Somerset c o a l f i e l d , the c h i e f one providing e a s i l y worked 
(1) R.G . Collingwood-, "Economic Survey of Ancient Rome", i i i 
36-37. 
(2) Graham Webster, op. c i t . , 6. (3) Arch. Cambrensis, I856; 306. 
(k) J ..P.. Bushe-Fox, F i r s t Wroxeter Report 1912; 7. 
(5) Arch., L V I I , 316. (6) Jack, "Uricohum". 
(7) Wheeler, " P r e h i s t o r i c & Roman Wales", 267. 
(8) W i l t s h i r e A r c h a e o l o g i c a l Magazine, XLV, 170. 
(9) J.R.S., 1924, XIVj. 237. 
(ID) Arch., L I I , 651, 66h. 
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deposits w i t h i n the h i g h l y c i v i l i s e d J i a l f of B r i t a i n , was 
e x t e n s i v e l y worked and i t s produce consumed over a l a r g e 
area, even i n the poor v i l l a g e s of the h a r d l y Romanized 
peasantry, twenty or t h i r t y miles away from the workings. 
T h i s may p o s s i b l y be connected with a p r o g r e s s i v e exhaustion 
of the n a t u r a l woods on the c h a l k uplands, whose commencement 
can be traced as f a r back as the Bronze Age. " ( 1 ) 
( i v ) The Fen d i s t r i c t of Bast A n g l i a . The presence of 
c o a l on s i x s i t e s i n t h i s d i s t r i c t p resents an unusual 
problem. There are no l o c a l outcrops; the n e a r e s t f i e l d 
i s i n the Midlands. Webster suggests that c o a l was used f o r 
corn drying purposes. He argues that c o a l was h a r d l y l i k e l y 
to be wanted f o r domestic h e a t i n g i n view of the presence of 
peat; and bases h i s theory on the a r c h a e o l o g i c a l evidence 
f o r the r u r a l p r o s p e r i t y of B r i t a i n i n the f o u r t h century, 
and the r e f e r e n c e s by Zosimus, Ammianus M a r c e l l i n u s and 
Eurapius, to shipments of wheat from B r i t a i n to the continent 
i n the r e i g n of J u l i a n . At Wyboston c o a l has been found 
apparently i n a s s o c i a t i o n with corn-drying.(2) Webster a l s o 
points out t h a t the r i v e r system comprised by the Car Dyke i n 
Cambridgeshire, the R i v e r Witham, the ForSdyke and the R i v e r 
Trent would provide a waterway to York v i a the Humber and the 
Ouse, and h e l p to support an a l t e r n a t i v e theory that the Fen 
d i s t r i c t was an army granary f o r domestic supply. The Car 
Dyke, i n c i d e n t a l l y , i s a s i t e where c o a l has been found. 
At Great Marches, Welney, a q u a n t i t y of briquetage has 
been found (3) which was almost c e r t a i n l y , according to 
Webster, f o r use i n brine evaporation. 
As f a r as i s known, there has never been any d i s c o v e r y 
of c o a l on s i t e s i n south-eastern England. F u e l f o r the 
l o c a l pottery i n d u s t r i e s and f o r domestic h e a t i n g would be 
wood. 
Webster has drawn a map which shows the c o a l outcrops 
and the s i t e s where c o a l has been recorded i n Roman B r i t a i n ; 
t h i s i s reproduced on the f o l l o w i n g page. 
( l ) R.G. Collingwood, op. c i t . , i i i , 37. 
(2 J A r c h a e o l o g i c a l News.Letter, j } ; 110. 
(3) Graham Webster, l o c . c i t . , 203. 
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The map opposite i s due to W e b s t e r ( l ) . 
the s i t e s i s given below: 
The Key to 
M i l i t a r y S i t e s : 
Antonine W a l l . 
1. Bar H i l l . 
2. Croy H i l l . 
3. C a s t l e c a r y . 
4. Mumrills. 
Between the W a l l s . 
5. Risingham. 
Hadrian's W a l l . 
6. C a s t l e s t e a d s . 
7. Birdoswald. 
8. Mucklebank T u r r e t . 
9. Great C h e s t e r s . 
10. Carvoran. 
11. Housesteads. 
12. Rudchester. 
13o Benwell. 
Northern F o r t s . . 
14. South S h i e l d s . 
15. Corbridge. 
16. P a p c a s t l e . 
17. Maryport. 
18. Templeborough. 
19• Manchester; 
20. C h e s t e r . 
Welsh F o r t s . ' " 
21. Brecon. 
• C i ? V * t a S S E l e m e n t s ) . 22. York. 
23. Wilderspool. 
24. Heronbridge, 
n r . C h e s t e r . 
25. Wroxeter. 
26. Ariconium. 
27. Caerwent. 
28. Bath. 
I n d u s t r i a l S i t e s : 
29. F l i n t . 
30. Wirksworth. 
31. Tiddington ( n r . 
S t r a t f o r d on Avon). 
Countryside: 
Wales. 
32. Coed Newydd, Anglesey. 
33. E l y , n r . C a r d i f f . . 
G l o u c e s t e r s h i r e . 
3k. Woodchester. (Lydney) 
35. Gt. Witcombe V i l l a . 
Somerset. 
36. Clapton i n (Camerton) 
Gordano. (Low Hamwel) 
"(Chew Stoke) 
W i l t s h i r e . 
37' Stanton S t . Q u i n t i n . 
38. Knook C a s t l e . 
(Upton L o v e l l ) . 
39. N u t h i l l s V i l l a , 
n r . Bowood. 
kOm R u s h a l l (Romano-
B r i t i s h v i l l a g e ) . 
4 l . Stockton. 
* 42. Nr. S i l b u r y H i l l . 
43. Baydon. 
The Fens. 
44. Holbeach. 
45. Car Dyke. 
46. Gt. Marshes," 
Welney,Norfolk. 
47. L i t t l e p o r t (Cambs.). 
48. Wyboston ( B e d s . ) . 
Other S i t e s t 
49. Water Newton, 
nr.Peterborough. 
50. Foxcote, or F o s c o t t , 
( B u c k s ) . . 
Claxby Beck, L i n e s . (Ancaster 
L i n e s ) . 51-
Note: Names i n brackets are Addenda, not shown on map, 
(1) Graham Webster, A n t i q s . Jour., 1955, XXXV, 201. 
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DOMESTIC CRAFTS 
THE COUNTRYSIDE 
C o r n ; D r y i n g ; M i l l i n g ; B a k i n g 
A c h a r a c t e r i s t i c f e a t u r e o f l a t e R o m a n o - B r i t i s h 
a g r i c u l t u r e was the c o r n - d r y e r . A f t e r the c o r n was, 
h a r v e s t e d i t was d i v i d e d i n t o two p a r t s , one f o r s e e d and 
the o t h e r f o r consumption. T h a t f o r consumption was. p a r c h e d 
i n a h e a t e d c o r n - d r y e r to improve i t s k e e p i n g p r o p e r t i e s . 
The d r y e r c o u l d a l s o be used f o r p r o c e s s i n g c e r t a i n (wheats, 
n o t a b l y s p e l t , the c h a f f o f w h i c h i s d i f f i c u l t t o remove by 
o r d i n a r y t h r e s h i n g u n l e s s f i r s t made b r i t t l e by h e a t . 
R.G. G o o d c h i l d p o i n t s o u t ( l ) t h a t most R o m a n o - B r i t i s h c o r n -
d r y e r s a r e o f f o u r t h c e n t u r y d a t e , and the r u t h l e s s manner 
i n w h i c h t h e y have been i n s e r t e d i n t o e x i s t i n g d w e l l i n g s 
s u g g e s t s a d e l i b e r a t e p o l i c y e n f o r c e d . b y the c e n t r a l g o v e r n -
ment. When the R o m a n o - B r i t i s h v i l l a a t Yewden, Hambleden, 
Bucks., was e x c a v a t e d ( 2 ) no fewer t h a n f o u r t e e n d r y i n g ovens 
were found, r a n g i n g from s i m p l e to q u i t e e l a b o r a t e t y p e s . 
G o o d c h i l d o b s e r v e s t h a t t h e l a r g e v a r i e t y on one s i t e s u g g e s t s 
something i n the n a t u r e o f a n e x p e r i m e n t a l s t a t i o n . . 
The e s s e n t i a l f e a t u r e o f the c o r n - d r y e r was a double 
f l o o r so t h a t t h e h e a t i n g f u r n a c e o r f l u e was s e p a r a t e d by 
an i n t e r s p a c e from the f l o o r on w h i c h the c o r n r e s t e d , t h u s 
a v o i d i n g the p o s s i b i l i t y o f c h a r r i n g the. g r a i n . F i g . 79 
shows one o f two T-shaped c o r n - d r y i n g ovens found i n the 
Roman v i l l a a t A t w o r t h , W i l t s h i r e . . F o r t u n a t e l y t h i s oven 
was very, w e l l - p r e s e r v e d ; n o t o n l y had the f l u e - w a l l s 
s u r v i v e d t o t h e i r f u l l o r i g i n a l h e i g h t , but a c e r t a i n amount 
o f the s u p e r s t r u c t u r e s t i l l r e m a i n e d . I t was t h i s f i n d 
w h i c h c o n f i r m e d the b e l i e f t h a t d r y i n g - o v e n s must have had 
a double f l o o r . P r e v i o u s ovens had been i n too r u i n e d a 
s t a t e to e s t a b l i s h t h i s p o i n t w i t h c e r t a i n t y . 
The term "T-shaped" r e f e r s to the shape o f the f l u e i n 
t h e s e ovens. . The stem o f the T c o n s t i t u t e s the main f l u e , 
w h i c h i s c o v e r e d by the f i r s t f l o o r . T h i s f l o o r s t o p s s h o r t 
o f the c r o s s - p i e c e o f t h e T w h i c h t h u s forms a v e r t i c a l f l u e 
c ommunicating w i t h the i n t e r s p a c e between t h e f i r s t and 
second f l o o r s . The second o r topmost f l o o r , on w h i c h the 
g r a i n r e s t s , r u n s the whole l e n g t h o f the k i l n , c o n f i n i n g 
the smoke and fumes from t h e f u r n a c e t o the i n t e r s p a c e 
between the f l o o r s . A s i d e v e n t , shown i n F i g . 7 9 > a l l o w e d 
( 1 ) R.G. G o o d c h i l d , "T-shaped C o r n - d r y i n g Ovens i n Roman 
B r i t a i n " , A n t i q s . J o u r . , 19^3, X X I I I , lk8. 
( 2 ) A r c h . , 1920-1, L X X I , l 4 l . 
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the smoke and h o t a i r . t to e s c a p e from t h e i n t e r s p a c e , 
p r o b a b l y to a chimney. • At- A t w p r t h , t h e 6 i n . gap between 
the two f l o o r s , w i t h t h e h o t a i r p a s s i n g t h r o u g h i t , would 
i m p a r t j u s t s u f f i c i e n t h e a t to t h e upper f l o o r t o d r y the 
c o r n w i t h o u t s c o r c h i n g i t . S l o t s on e a c h s i d e o f t h e main 
f l u e a t the s t o k e - h o l e end, and r e c e s s e s l i k e door-jambs a t 
the o u t e r end o f the smoke v e n t , s u g g e s t t h a t dampers were 
o r i g i n a l l y p r e s e n t , to r e g u l a t e the h e a t . 
T-shaped c o r n - d r y e r s a r e t he commonest form, but 
c i r c u l a r t y p e s a r e known. F i g . 80 i l l u s t r a t e s a c i r c u l a r 
c o r n - d r y e r found a t O l d S l e a f o r d , L i n c o l n s h i r e , ( 1 ) w h i c h had 
a more e l a b o r a t e f l u e s y s t e m . T h e r e were two o p p o s i n g s t o k e -
h o l d s , one o f w h i c h had been b l o c k e d , communicating w i t h a main 
f l u e w h i c h opened i n t o c r o s s f l u e s , t h r e e on e i t h e r s i d e . A 
p e r i p h e r a l f l u e , a t a h i g h e r l e v e l , l i n k e d t h e main and c r o s s 
f l u e s . 
The m i l l i n g o f c o r n was done i n r o t a r y q u e r n s , w h i c h had 
l o n g s u p e r s e d e d t h e s a d d l e q u e r n ( i n w h i c h t h e upper s t o n e i s 
pushed t o and f r o o v e r t h e l o w e r ) . The r o t a r y q u e r n s v a r i e d 
i n s i z e from a s m a l l , hand v a r i e t y , * t o l a r g e s t o n e s w h i c h would 
r e q u i r e two men to t u r n . F i g . 81 shows a s e c t i o n o f a hand-
quern , based on f i n d s made a t S i l c h e s t e r , ( 2 ) and F i g . 8 2 
i l l u s t r a t e s a v a r i a n t o f t h i s t y p e w ) w h i c h when found s t i l l 
had most o f i t s wooden h a n d l e i n t a c t . A v e r y l a r g e upper 
m i l l s t o n e of f i n e w h i t e s a n d s t o n e , 7 ? i n . t h i c k , 2 f t . h i n . 
d i a m e t e r was found a t S i l c h e s t e r i n 1895> and two y e a r s l a t e r , 
i n House No. 3 of' I n s u l a X V T I I , two rows o f t h r e e l a r g e , 
c i r c u l a r f o u n d a t i o n s were discovered(Hwhiclv t h e e x c a v a t o r s 
thought might have been the s i t e s o f l a r g e q u e r n s , the e s t -
a b l i s h m e n t i t s e l f b e i n g p o s s i b l y a m i l l - h o u s e . Querns o f 
t h i s s i z e were t u r n e d by men, a s t h e L a t e r a n Museum s a r c o p h a g u s 
shows ( F i g . 83 ) ; h e r e t h e upper s t o n e i s f l a t , but s t o n e s 
o f h o u r - g l a s s shape were common i n Po m p e i i and i n f a c t h o u r -
g l a s s s t o n e s o f Nie d e r m e n d i g o r A n d e m a c h l a v a , ftom the v a l l e y 
o f t h e R h i n e , were i m p o r t e d i n t o B r i t a i n . I n F i g . 8 4 i s s e e n 
an upper s t o n e o f t h i s t y p e , o f Andernach l a v a , w h i c h was 
found i n London a t t h e c o r n e r o f P r i n c e s S t r e e t and P o u l t r y i n 
1 9 2 8 ( 5 ) . T h i s s t o n e would be t u r n e d by l e v e r s i n s e r t e d i n t h e 
s o c k e t s a t i t s w a i s t . I t s h e i g h t i s 23 i n . , t o p and bottom 
d i a m e t e r s 27 i n . , and t h e bore n a r r o w s to 8 i n . a t t h e w a i s t . 
( 1 ) J i R . S . , 1961, L I , 171. 
( 2 ) A r c h . , 1898, L V I , 117. 
( 3 ) A r c h . , 1899, L V I , 239-2^0. 
(k) A r c h . , 1898, L V I , 113-115. 
( 5 ) P r o f . E r i c B i r l e y , A n t i q s . J o u r . , 1929, I X , 220-221. 
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No c e r t a i n example o f a R o m a n o - B r i t i s h b a k i n g oven h a s 
come down to u s , but F i g . 83 s u g g e s t s what t h e y may have 
l o o k e d l i k e . S i l c h e s t e r h a s p r o v i d e d a g r i d i r o n , F i g . 35 
T h i s had a h i r o n frame w i t h an a l m o s t s q u a r e top 17 i n . by 18 i n 
The b a r s were r i v e t e d t o g e t h e r , and t h e g r i d i r o n showed s i g n s o f 
h a v i n g been warped o v e r t h e f i r e on w h i c h i t was u s e d . 
The F a r r i e r 
The s i z e o f R o m a n o - B r i t i s h h o r s e - s h o e s s u g g e s t s t h a t 
h o r s e s were s m a l l e r t h e n t h a n now. Examples o f shoes i n t h e 
G u i l d h a l l Museum a r e g i v e n i n F i g . 86 ; the e x a c t purpose o f 
the s o l i d t y p e ( t o p l e f t ) , the s o - c a l l e d " h i p p o - s a n d a l " , i s 
n o t known, but i t i s c e r t a i n t h a t t h e y were a t t a c h e d to t h e 
hooves o f h o r s e s . ( 2 ) P e r h a p s i t p r o t e c t e d the h o o f i f the 
h o r s e were lame* Below the h o r s e - s h o e s i n F i g . 86 a r e two 
b i t s , w i t h r i n g s f o r a t t a c h i n g t h e r e i n s , and a t bottom l e f t 
i s a s p u r , w i t h h o l e s f o r t h e s t r a p t o b u c k l e round t h e f r o n t 
o f the f o o t . 
The c u r i o u s t o o l w i t h a gouge b l a d e , found a t S i l c h e s t e r 
i n 1900 ( F i g . 87 ^ was t h e n known, by; c o m p a r i s o n w i t h the 
h o r s e and man on a s i m i l a r o b j e c t found i l n P o m p e i i ( F i g . 88 ) , 
t o be a f a r r i e r ' s t o o l , ( 3 ) and i t h a s s i n c e been i d e n t i f i e d a s 
a . ' b u t t r i c e ', an i n s t r u m e n t f o r m e r l y use.d f o r t r i m m i n g h o o v e s . 
( 1 ) A r c h . , 1894, L I V , 153-4. \ '-. 
( 2 ) R.G. C o l l i n g w o o d , " A r c h a e o l o g y of Roman B r i t a i n " , 270, 
(London, 1 9 3 0 ) . 
( 3 ) A r c h . , 1901, L V I I , 248. 
(h) G.C. Boon, "Roman S i l c h e s t e r " , 181, (London, 1 9 5 7 ) . 
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FURNITURE 
The damp B r i t i s h c l i m a t e i s n o t c o n d u c i v e t o t h e 
p r e s e r v a t i o n o f wood and t e x t i l e s o v e r the c e n t u r i e s . No 
wooden f u r n i t u r e made d u r i n g the Roman o c c u p a t i o n has' s u r -
v i v e d , and o n l y t r a c e s o f t e x t i l e s have come down t o u s . 
We have been more f o r t u n a t e w i t h a r t i c l e s o f metal, s t o n e and 
g l a s s , and i t i s f r e q u e n t l y p o s s i b l e t o i d e n t i f y e x c a v a t e d 
o b j e c t s i n t h e s e s u b s t a n c e s w i t h some d o m e s t i c u s e ; f o r 
example, m e t a l l o c k s , h a n d l e s and s m a l l m e t a l f e e t a r e some-
t i m e s r e c o g n i s a b l e a s b e l o n g i n g to h o u s e h o l d a r t i c l e s . However 
f o r a g e n e r a l p i c t u r e we have t o depend on o t h e r s o u r c e s , c h i e f 
among w h i c h i s the s c u l p t u r e o f the p e r i o d . A l t a r s , s t a t u e s , 
and tombstones o f t e n d e p i c t d o m e s t i c f u r n i t u r e , and c o m p a r i s o n 
o f t h e s e s c u l p t u r e s w i t h a c t u a l p i e c e s o f f u r n i t u r e from 
Pompeii and Herculaneum, and w i t h d i s c o v e r i e s made i n d r y 
c o u n t r i e s s u c h a s E g y p t , h a s e n a b l e d a r c h a e o l o g i s t s t o d e s -
c r i b e t h e Roman d o m e s t i c s c e n e i n B r i t a i n w i t h some c o n f i d e n c e . 
S c h o l a r l y s u r v e y s have been made by C.L. Ransom and by 
J . L i v e r s i d g e , ( 1 ) and we s h a l l draw on t h e s e f o r our p r e s e n t 
purpose, s u p p l e m e n t i n g them w i t h r e f e r e n c e s t o l a t e r 
d i s c o v e r i e s • 
Couches and Beds 
The Romans r e f e r r e d to the couch f o r the d i n i n g - r o o m a s 
the ' l e c t u s t r i c l i n a r i s ' and t h a t f o r t h e bedroom a s t h e 
' l e c t u s c u b i c u l a r i s ' , but i t i s n o t c e r t a i n w h e t h e r t h e r e 
was any. d i s t i n c t i o n between t h e two. I t h a s g e n e r a l l y been 
assumed t h a t couches u s e d f o r r e c l i n i n g d u r i n g the day were 
a l s o u s e d a s beds a t n i g h t , but one a u t h o r i t y ( 2 ) h a s 
s u g g e s t e d t h a t c o u ches u s e d a s beds were r a r e i n most h o u s e s , 
and t h a t a c h e s t o r a r e c t a n g l e o f masonry, s u i t a b l y equipped 
w i t h a m a t t r e s s , c u s h i o n s and c o v e r s , was o f t e n u s e d f o r 
s l e e p i n g . A s t o n e i n the G r o s v e n o r Museum a t C h e s t e r c e r t a i n l y 
shows a c h i l d s l e e p i n g on a m a t t r e s s a p p a r e n t l y p l a c e d on a 
masonry base, but t h i s arrangement seems t o be t h e o n l y one 
o f i t s k i n d r e c o r d e d i n B r i t a i n . U s u a l l y c o uches a r e d e p i c t e d 
i n s u c h c i r c u m s t a n c e s t h a t i t i s open to argument a s to 
w hether t h e y a r e b e i n g u s e d i n the daytime o r a t n i g h t . 
A w e l l - p r e s e r v e d example i s t h a t shown on the tombstone 
o f V i c t o r the Moor, i n S o u t h S h i e l d s Museum, F i g . 89 . The 
( 1 ) C a r o l i n e L o u i s e Ransom, "Couches and Beds o f the G r e e k s , 
E t r u s c a n s and Romans", ( C h i c a g o , 1 9 0 5 ) . 
J o a n L i v e r s i d g e , " F u r n i t u r e i n Roman B r i t a i n " , (London, 
1 9 5 5 ) . 
( 2 ) P.M. D u v a l , " L a V i e Q u o t i d i e n n e en G a u l e pendant l a p a i x 
romaine", ( P a r i s , 1 9 5 2 ) . 
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couch, or bed, h e r e h a s an u p r i g h t headboard and a s m a l l e r 
r e s t a t t h e f o o t . The l e g s have e v i d e n t l y been t u r n e d on a 
lathe., and t h e y s t a n d on i n d i v i d u a l b a s e s . A m a t t r e s s w i t h 
a c y l i n d r i c a l b o l s t e r or c u s h i o n i s , shown'on "top o f the 
couch, and V i c t o r i s r e c l i n i n g on t h e s e , h i s l e f t elbow 
b e i n g s u p p o r t e d by t h e b o l s t e r . A s i m i l a j r couch, but n o t 
so c l e a r i n d e t a i l , i s d e p i c t e d on t h e tombstone of. J u l i a 
V e l v a i n t h e museum a t Y o r k . T h e r e i s a h i g h , c u r v e d h e a d -
board and a low e r f o o t - r e s t ; t h e l e g s a r e s t r a i g h t and un-
d e c o r a t e d , and the ;mattress i s e x c e p t i o n a l l y t h i c k . A c h a i r 
and a t h r e e - l e g g e d t a b l e a r e shown i n f r o n t o f t h e couch 
( F i g . 90 ) • 
I n t h e two c a s e s j u s t mentioned the co u c h e s a r e w i t h o u t 
b a c k s , but i n f a c t the couches shown 6 n T R o m a n o - B r i t i s h . g r a v e 
r e l i e f s f a l l i n t o two c a t e g o r i e s , t h o s e w i t h o u t b a c k s , and 
t h o s e w i t h b a c k s . M i s s Ransom'^-/ p o i n t s ; o u t t h a t the b a c k l e s s 
t y p e h a s a l o n g h i s t o r y , and the v a r i e t y w i t h t u r n e d l e g s and 
a c a r v e d h e a d - r e s t was b e i n g u s e d by the G r e e k s i n t h e f i f t h 
c e n t u r y B.C., and p o s s i b l y even e a r l i e r . ' ^ The G r o s v e n o r 
Museum a t C h e s t e r p r o v i d e s s e v e r a l examples o f couches w i t h 
t h e h i g h back c o n t i n u o u s w i t h the h e a d - and f o b * - r e s t s : one 
i s shown on the tombstone o f C u r a t i a D i o r i y s i a , F i g . 91 > a n < * 
a n o t h e r i s w e l l p o r t r a y e d on Stone No. l i 6 where t h e h e i g h t 
and s o l i d i t y o f the back a r e emphasised' by the head and 
s h o u l d e r s o f a s m a l l a t t e n d a n t j u s t v i s i b l e above and b e h i n d 
i t . Two f u r t h e r examples, both v e r y c l e a r l y s c u l p t e d , a r e 
the tombstones o f C a n d i d a ( F i g . 92 ) and . A e l i a Ael'iana ( F i g . 93 
a t Y o r k . ( 2 ) i t must n o t be supposed t h a t c o u c h e s . w i t h b a c k s 
were t r u l y couches and t h a t the b a c k l e s s v a r i e t y were beds: 
C a n d i d a and C u r a t i a D i o n y s i a a r e shown i n a r e c l i n i n g p o s t u r e , 
and L i v e r s i d g e ( 3 ) draws a t t e n t i o n to a model o f a backed 
couch ( b e a r i n g t h e stamp P i s t i l l u s ) , from Bordeaux,.and now 
i n t h e museum a t S t . Germain-en-Laye, w h i c h i s o b v i o u s l y a 
double bed w i t h i t s two o c c u p a n t s w e l l t u c k e d up and t h e i r 
dog a s l e e p a t t h e i r f e e t . 
T a b l e s 
I n the c a s e o f couches and beds we c a n o n l y c o n j e c t u r e 
t h a t t h e y were made i n B r i t a i n ; i t i s r e a s o n a b l y c e r t a i n 
t h a t the R o m a n o - B r i t i s h j o i n e r and c a r p e n t e r i n B r i t a i n would 
be a s c a p a b l e a s h i s f e l l o w s on t h e C o n t i n e n t , but t h e r e i s 
( 1 ) C.L. Ransom, o p . c i t . , page 27* 
( 2 ) F i g s . S O & Q2. a r e from the Y o r k s . P h i l . S o c . A nnual R e p o r t , 
1922, P l a t e s I & I I . 
( 3 ) J . L i v e r s i d g e , o p . c i t . , page 11. 
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no p r o o f t h a t he made the ' l e c t i ' d e l i n e a t e d on t h e 
numerous g r a v e r e l i e f s w h i c h have come down to u s . 
However, t h e p o s i t i o n w i t h r e g a r d to t a b l e s i s a l t o g e t h e r 
d i f f e r e n t . B r i t a i n i s r e m a r k a b l y r i c h i n f r a g m e n t s o f 
Roman t a b l e s , and we can be a b s o l u t e l y c e r t a i n t h a t many 
o f t h e s e came from R o m a n o - B r i t i s h workshops. T h i s i s due 
to the f a c t t h a t t h e y a r e made of.Kimmeridge s h a l e , and t he 
o n l y s o u r c e o f t h i s m a t e r i a l so f a r known i s t h a t n e a r 
P u r b e c k i n D o r s e t , where t h e r e a r e two s i t e s , Kimmeridge 
and Worthbarrow bays, and e v i d e n c e f o r t h e w o r k i n g o f t h e 
raw m a t e r i a l , and i t s f a s h i o n i n g i n t o v a r i o u s o b j e c t s , s i n c e 
N e o l i t h i c times(l)« N a t u r a l l y , most o f t h e p i e c e s o f 
Kimmeridge s h a l e t a b l e s have been found i n South-West B r i t a i n , 
and the D o r s e t County Museum a t D o r c h e s t e r h a s s e v e n f r a g m e n t s 
on e x h i b i t i o n . The b e s t o f t h e s e i s the s h a l e t a b l e l e g 
found i n C o l l i t o n P ark, D o r c h e s t e r , i n 1 9 3 7 ( 2 ) and shown i n 
F i g . 94 . • A t t h e top o f the l e g the tenon ( i n t e n d e d to 
f i t i n t o the m o r t i s e on t h e u n d e r s i d e o f the t a b l e ) i s 
c l e a r l y s e e n ; below t h e r e i s c a r v e d a c o n v e n t i o n a l r e p r e s e n t -
a t i o n o f an a n i m a l ' s head, and the l e g t e r m i n a t e s i n a 
c l a w f o o t . 
The t y p e o f t a b l e to w h i c h t h e s e l e g s belonged c a n be 
s u r m i s e d w i t h some c e r t a i n t y ; t h e t a b l e f r e q u e n t l y shown on 
R o m a n o - B r i t i s h tombstones i s a s m a l l round one w i t h t h r e e 
c u r v e d l e g s ( e . g . , the tombstones o f J u l i a V e l v a , C a n d i d a , 
A e l i a A e l i a n a ) ; t h i s i s b e l i e v e d to have been a G r e e k 
i n v e n t i o n w h i c h became v e r y p o p u l a r i n H e l l e n i s t i c and 
Roman t i m e s . ( 3 ) The l e g s ended e i t h e r i n a n t e l o p e ' s hooves 
or l i o n ' s c l a w - f e e t , and many known Roman t a b l e s a l s o have t h e 
upper p a r t o f the l e g s d e c o r a t e d w i t h heads o f a n i m a l s or 
b i r d s . ' The p a r a l l e l w i t h t h e D o r s e t l e g s i s i r r e s i s t i b l e , 
e s p e c i a l l y when one compares the D o r s e t r e m a i n s w i t h the 
l e g s on a marble t a b l e from Pompeii ( F i g . 9 5 ).(*0 T h e r e i s 
a l s o e v i d e n c e t h a t the tops o f some o f t h e s e t a b l e s were 
made i n s h a l e : ' R e a d i n g museum h a s a Kimmeridge s h a l e fragment, 
o r i g i n a l l y p a r t o f a c i r c u l a r p i e c e some 15 i n c h e s i n 
d i a m e t e r , found a t S i l c h e s t e r . The top i s f l a t and h a s a , 
smoothly t u r n e d edge a n i n c h t h i c k , but t he c o n v i n c i n g 
( 1 ) A r c h . J o u r . , 1937, X C I I I , 212; A n t i q u i t y , 1950, XXIV, 25. 
( 2 ) P r o c . D o r s e t N at. H i s t . & A r c h . S o c , 1938, L I X , 9 J 
J.R.S., 1938, X X V I I I , P l a t e XXV. 
( 3 ) C.L. Ransom, l o c . c i t . , page 87. 
( 4 ) I l l u s t r a t i o n from P. Gusman, "Pompeii t h e C i t y , I t s L i f e 
and A r t " , London, 1900. 
2? 
1 
O 
5\ /3s 
ROCKBOURNE, HANTS : TOP OF STONE SIDE-TABLK ( p i . XXIV, a ) FROM THE HOUSE I N WEST PARK (J) 
Fig.96 
• 
• 
97 
evidence i s on the underside, where there are t r a c e s of 
the mortises f o r the tenons of two l e g s . The Roman v i l l a 
a t Morton, near B r a d i n g , . I s l e of Wight, y i e l d e d a curved 
piece of s h a l e , o r i g i n a l l y about l 6 inches i n diameter, 
lathe-turned, and wi t h a footstand on the u n d e r s i d e . ( l ) 
The only shale o b j e c t s so f a r found on the s i t e s where 
Kimmeridge shale i s q u a r r i e d are ar m l e t s . Now a t S i l c h e s t e r 
there were found two u n f i n i s h e d d i s h e s i n Kimmeridge sh a l e , 
with the l a t h e chuck-holes s t i l l v i s i b l e , showing that 
Kimmeridge sh a l e was worked a t C a l l e v a ( 2 ) . I t i s th e r e f o r e 
p o s s i b l e that p i e c e s of shale were transported from Dorset 
to other c e n t r e s , where they were shaped, j u s t as marble i s 
qu a r r i e d and then sculpted elsewhere. T h i s could be an ex-
pl a n a t i o n of the wide d i s t r i b u t i o n of sh a l e a r t i c l e s . Thus 
L e i c e s t e r Museum has par t of a t a b l e l e g which came from a 
Roman v i l l a a t Hothley i n 1901; the Cambridge Museum of 
Archaeology and Ethnology has a small p i e c e which came-from 
Fos c o t t i n Buckinghamshire, and two were found a t Caerleon ( 3 ) . 
T h i s widespread occurrence of s i n g l e items i n c l i n e s one to 
think t h a t the sh a l e t a b l e s were perhaps a luxury, ranking with 
the marble t a b l e s to which the w e a l t h i e r members of the 
Roman s o c i e t y would be accustomed to i n other p a r t s of the 
Empire; 
I t i s , of course, probable t h a t most Romano-British 
t a b l e s were made of wood, but so f a r no t r a c e s of any such 
have been found i n B r i t a i n . Stone has undoubtedly been 
used: fragments of a stone l e g w i t h a claw foot were found 
a t York i n 188 2*, and F i g . 96 shows the top and the decorated 
f r o n t edge of a stone s i d e - t a b l e found a t Rockbourne, 
Hampshire, i n 196l . ( * 0 
C h a i r s and S t o o l s 
For c h a i r s , as with couches, we have to depend on 
s c u l p t u r e s f o r our impressions. From these i t seems t h a t the 
t y p i c a l c h a i r of Roman B r i t a i n had a s o l i d , rounded back, 
made i n one piece with the s i d e s , and was s e t on a r e c t a n g u l a r , 
or.sometimes s e m i - c i r c u l a r , base* J u l i a Velva's tombstone 
shows a c h a i r of t h i s type; the back i s shoulder-high, and 
( 1 ) J . E . & F.G.H. P r i c e , "The Roman B u i l d i n g s a t Morton, near 
Brading", 1881, page 25. 
( 2 ) G.C. Booh, "Roman S i l c h e s t e r " , 195, (London, 1 9 5 7 ) . 
( 3 ) ( i ) Arch. Cambrensis, 1932, LXXXVTI, 98. 
( i i ) J.R.S., 1960, L, 213. 
(k) J.R.S., 1962, L I I , 185-
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the c h a i r i s made of basketwork which the s c u l p t o r has 
been a t pains to d e p i c t . A st a t u e found a t Birdoswald 
on Hadrian's Wall (how i n the T u l l i e House Museum, C a r l i s l e ) 
shows a f i g u r e s i t t i n g i n a s i m i l a r wicker-work c h a i r ; the 
edges of a cushion are v i s i b l e on the s e a t * A statu e of 
Fortuna found a t Lanchester, County Durham (now i n Durham 
Cath e d r a l L i b r a r y ) shows Fortuna seated i n a c h a i r which 
although weathered, s t i l l shows s u f f i c i e n t s i g n s of a w i c k e r -
work p a t t e r n to i d e n t i f y i t as a basket c h a i r . The technique 
of wicker-work was known i n B r i t a i n before the. Roman conquest; 
the e a r l i e s t examples come from the Glastonbury lake v i l l a g e . 
B r i t i s h baskets had reached Rome by Juvenal's day and had 
contributed the word 'bascauda' to the L a t i n tongue.(1/ 
The basket c h a i r , however, was not n e c e s s a r i l y u n i v e r s a l ; 
r e p r e s e n t a t i o n s of c h a i r s of more s o l i d c o n s t r u c t i o n are found* 
For example,, a st a t u e of a Mother Goddess found a t Housesteads 
(now i n the Roman Museum at-Newcastle) d e p i c t s the Goddess 
s i t t i n g on a st r a i g h t - b a c k e d c h a i r which has p l a i n l e g s and 
perhaps s i d e panels between f r o n t and back l e g s ; there i s no 
attempt on the p a r t of the s c u l p t o r to show ornamentation or 
to re p r e s e n t wicker-work. I n the T u l l i e HouSe Museum a t 
C a r l i s l e the M u r r e l l H i l l tombstone shows a woman s i t t i n g on 
a c h a i r having a high concave back and a cushioned s e a t , but 
again there are no i n d i c a t i o n s of basket-work. 
Coming now to s t o o l s , i t is- p o s s i b l e that f o o t s t o o l s 
were used i n Roman B r i t a i n : Candida's tombstone ( F i g . 92 ) 
shows a boy attendant standing on a sma l l , b o x - l i k e o b j e c t 
which could be a f o o t s t o o l . A more'definite r e p r e s e n t a t i o n 
i s to be seen on the r e l i e f of a goddess found a t Netherby 
and now i n the T u l l i e House Museum a t C a r l i s l e ; here the 
seated f i g u r e i s r e s t i n g both f e e t on something which can 
only be a f o o t s t o o l because i t i s too shallow to be a casket 
or box of any s o r t . 
As f o r s t o o l s proper, the Romans used what we would 
de s c r i b e as a camp-stool, that i s to say, a portable s t o o l 
with f o l d i n g legs and a s e a t of some f l e x i b l e m a t e r i a l , 
perhaps c l o t h or l e a t h e r . F o r t u n a t e l y f o r the a r c h a e o l o g i s t 
some of the s t o o l s had metal r a t h e r than wooden l e g s , and 
two d e f i n i t e examples have'survived i n Roman B r i t a i n * The 
f i r s t to be di s c o v e r e d ( 2 ) was found along w i t h Samian ware i n 
a barrow on the Bartlow H i l l s on the Essex-Cambridgeshire 
border. The-ware bore stamps da t i n g from the e a r l i e r p a r t 
(1) A.L.F. R i v e t , "Town and Country i n Roman B r i t a i n " , 
125-126, (London, 1958). 
(2) John Gage, Arch., I836, XXVI. 
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of the second century. T h i s i r o n s t o o l (Fig.97 ) had two 
p a i r s of legs p i v o t i n g about ce n t r a l . b r o n z e or bronze-capped 
p i n s . Fragments of the l e a t h e r s e a t were s t i l l adhering to 
the s e a t b a r s . One of the bars extended r i g h t a c r o s s the 
se a t , as i n a modern camp-stool, but the opposite bar was 
div i d e d i n t o two s e c t i o n s , each s e c t i o n being supported 
(as shown i n F i g . 97 ) by an S-shaped bracket from the adjac e n t 
l e g . The reason f o r t h i s arrangement i s obscure; i t would 
seem to have the disadvantage of preventing the l e a t h e r s e a t 
from extending a c r o s s the f u l l width of the s t o o l ; probably 
there were only two s t r i p s of l e a t h e r , one from each h a l f ^ b a r , 
s t r e t c h i n g back to the s o l i d bar. The s t o o l had bronze f e e t , 
and the ends of the s e a t bars were decorated with bronze caps. 
A s i m i l a r s t o o l was found u n f o r t u n a t e l y i n a 
fragmentary s t a t e , a t Holborough i n Kent. 
James Curie (2>. excavating a t Newstead, near Melrose, 
found f i v e i r o n s p i n d l e s each having a c e n t r a l d i s c ornament-
a t i o n and adjacent s m a l l e r enlargements of the c e n t r a l rod. 
These were discovered with other metal o b j e c t s , as i f part 
of a smith's s t o c k - i n - t r a d e . By comparison with another 
i r o n f o l d i n g s t o o l ( i n the Nijmegen Museum, Hol l a n d ) , having 
curved legs r a t h e r than the customary s t r a i g h t l e g s of a 
camp-stool, Curie concluded that h i s f i v e s p i n d l e s were 
intended f o r the s t r e t c h e r s between the legs of a curved-leg 
type of s t o o l . 
Chests and Ca s k e t s . 
An e s s e n t i a l item of f u r n i t u r e would be a strong-box 
or chest i n which to keep money and the more v a l u a b l e items, 
of j e w e l l e r y . During the excavation of a room a t S i l c h e s t e r 
a s l i g h t subsidence was n o t i c e d i n the tess e l l a t e d f l o o r , and 
i t was found that underneath there was a c a v i t y 6 f t . x 3 f t . 
6 i n , and 2 f t . deep, l i n e d with f l i n t s on three s i d e s , which 
contained the remains of a wooden chest standing on pie c e s 
of flanged t i l e to p r o t e c t i t from the damp e a r t h . ( 3 ) The 
l i d was strengthened w i t h three i r o n bands terminating i n 
hinges-, and" the l o c k - p l a t e , key, and i r o n handle had a l s o 
s u r v i v e d . The contents of the chest had been removed. 
Another iron-bound box was reported from the Roman v i l l a 
a t B r i s l i n g t o n , Somerset. O) 
( 1 ) R.F. Jessup, Arch, Cantiana, 195^t. L X V I I I . 
( 2 ) J . C u r i e , "A Roman F r o n t i e r Post and i t s People" 
Edinburgh, 1911. 
C3) Arch., 1866, XL, kll. 
(k) Barker, " B r i s l i n g t o n " , 15. 
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A s m a l l e r box found buried i n the Romano-British, 
v i l l a g e of Woodcuts, Dorset, contained a hoard of s i l v e r 
and bronze coins ( 1 ) . Regina's tombstone a t South S h i e l d s 
(Fig.93 ) shows Regina i n the a c t of opening a sma l l chest 
by her r i g h t s i d e ; the lock i s p l a i n l y v i s i b l e , and there 
i s a crescent-shaped decoration, or perhaps a drop-handle, 
near the base of the chest j u s t above the f e e t * 
Three p i e c e s of a remarkable leaden c a s k e t were found 
i n a crumpled mass, weighing over 50 l b . , a t C a i s t o r i n 
1 8 6 3 ( 2 ) . These are shown i n F i g . 99 » assembled to i l l u s t r a t e 
the c o n s t r u c t i o n of the c a s k e t . ( 3 ) I n s c r i b e d 
CVNOBARRVS FECIT VIVAS 
the casket was made of \" lead., so cut a t the angles that the 
four s i d e s could be bent up and t h e i r edges soldered i n t o 
s l o t s i n four, outsplayed corner posts of s o l i d l e a d bar (one 
of these i s i n the B r i t i s h Museum) to form a c a s k e t 2k i n . 
square a t the base, about 30 i n . square a t the rim, and 
about Ik i n , high. The corner posts would take the weight 
of a l i d of s i m i l a r c o n s t r u c t i o n , but no t r a c e of a l i d has 
s u r v i v e d . The s i d e s of the casket a r e decorated with c a s t -
i n r e l i e f s . 
P o s s i b l y the good-luck wish was addressed to a bride, 
but i n any case a ca s k e t of t h i s s i z e and weight was obviously 
intended to co n t a i n t r e a s u r e d p o s s e s s i o n s . 
Lamps. . 
Romano-British houses were l i t w i t h candles and - i f 
the owner could a f f o r d t h e i r upkeep - o i l lamps. The l a t t e r 
o bservation i s j u s t i f i e d on the grounds that the o i l would 
very l i k e l y be ah e d i b l e o i i and would have to be imported. 
When burning o i l , t h e r e f o r e , one was a c t u a l l y burning f o o d ( ^ ) . 
T e r r a c o t t a lamps made i n I t a l y were exported a l l over the 
Roman world i n the 1 s t . century A.D. and by the 2nd century 
lamp makers i n Germany, Gaul and B r i t a i n were producing 
c o p i e s . 
F i g . 100 shows a number of lamps discovered i n London 
( G u i l d h a l l Museum). The c a n d l e s t i c k i n the middle of the 
( 1 ) P i t t R i v e r s , "Excavations i n Cranborne Chase", I 8 8 7 , I , 6 l . 
( 2 ) Gentleman's Magazine, 1866; 38. 
( 3 ) C.F.C. Hawkes, " L i n c o l n : The Roman Occupation", Arch. 
Jour., 19^6, C I I I , 16. 
(k) Donald M. B a i l e y , "Greek and Roman Po t t e r y Lamps", 10-11, 
( B r i t i s h Museum, 1 9 6 3 ) . 
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top row i s of c l a y ; to- i t s l e f t and r i g h t are lamps of 
bronze, a t the bottom are three of c l a y (two of the 'enclosed' 
type, and one of the older 'open' s t y l e ) . The pointed 
instrument below the bronze hen was a p r i c k e r f o r a d j u s t i n g 
the w i c k s . 
P r a c t i c a l t e s t shows that the o i l i n these p o t t e r y 
lamps oozes from the wick-hole f a s t e r than the flame can 
consume i t , and runs down the outside of the lamp. T h i s 
probably e x p l a i n s the number of lamp holders found i n B r i t a i n , 
because wastage of the r e l a t i v e l y expensive o i l would have to 
be avoided. Ci-T- F i g . lot shows,a metal lamp stand or lamp 
holder, some 10 inches high", found a t S i l e h e s t e r . ( 2 ) The 
'container' i s r i v e t e d to the stem which i s about •§• i n c h i n 
diameter* 
Two seal-boxes from Corbridge were found to contain 
wax which, when analysed, proved to be a p a r a f f i n wax 
probably "of l o c a l o r i g i n , s i n c e o i l y exudations, c o n t a i n i n g 
s o l i d p a r a f f i n s , are of frequent occurrence i n c o a l p i t s and 
have been des c r i b e d under v a r i o u s names, such as o z o k e r i t e , 
u r p e t h i t e , m i d d l e t o n i t e . " ( 3 ) Provided that t h i s wax was 
a v a i l a b l e i n s u f f i c i e n t q u a n t i t y i t could a l s o have been 
used to make candles, i n which case candles i n the north 
of Roman B r i t a i n may have been of reasonable q u a l i t y because 
the p a r a f f i n wax was c e r t a i n l y good of i t s kind. 
( 1 ) Donald M. B a i l e y , op. c i t . , 9-10. 
( 2 ) Arch., 189^, LTV, 153. 
(-3) J.A. Smythe, "Roman Objects of Copper and I r o n from the 
North of England", Proc. Univ. Durham P h i l . S o c , IX, 400-1. 
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LEATHERWORKDTG 
Tanning 
Evidence of a tannery was found a t S i l c h e s t e r i n the 
form of an. enormous deposit of ox-jaws i n I n s u l a V I ( l ) 
covering an a r e a 50 f t . by 25 f t . to a depth of about Ik i n c h e s . 
I t was c a l c u l a t e d that the deposit represented 2,500 oxen. As 
no other bones were found i n the v i c i n i t y , t h i s 'hoard' i s now 
thought to be a d e f i n i t e i n d i c a t i o n of tanning: the h i d e s , 
with heads s t i l l attached, would be steeped and then the s k u l l s 
would be removed when the c o n d i t i o n of the hides permitted, the 
h ides subsequently pa s s i n g to the t a n - p i t . No t r a c e of a tan-
p i t was recorded, however. 
Leat h e r a r t i c l e s 
L eather would be an important m a t e r i a l i n Roman times, 
because apart from the needs of the B r i t i s h population, the 
army would r e q u i r e s u b s t a n t i a l s u p p l i e s . Remarkably, con-
s i d e r i n g the p e r i s h a b l e nature o f . l e a t h e r , q u i t e a number of 
l e a t h e r f i n d s have been recorded; these u s u a l l y occur i n the 
bottom of w e l l s or p i t s , where the sludge e v i d e n t l y has a 
p r e s e r v a t i v e e f f e c t . During the excavations on the s i t e of 
the Temple of Mithras i n London i n 195^- a t h i n piece of l e a t h e r 
some k inches long was discovered, embossed w i t h a design which 
showed t r a c e s of g i l d i n g ( 2 ) The Bartlow s t o o l ( F i g . 97 » 
opposite page 99 •) when found s t i l l had v e s t i g e s of the 
l e a t h e r seat adhering to i t . A w e l l i n the C i t y of London 
y i e l d e d a p a i r of l e a t h e r trunk drawers ( F i g . 102 ).(3) So 
many shoes and scraps of l e a t h e r have been found i n the ground 
near the Bank of England as to suggest that shoemakers had 
shops there; some of these f i n d s are now i n the G u i l d h a l l 
Museum and are i l l u s t r a t e d i n F i g . 103 t which shows a c o l l e c t i o n 
of sandals and ( m i d - l e f t ) the studded s o l e of a boot. Most 
shoes, even those f o r c h i l d r e n , are h e a v i l y hobnailed. The 
i n n e r s o l e of a sandal ,10 inches long, again from the Bank of 
England s i t e , i s depicted i n F i g . 104 ; i t i s decorated with 
an i n c i s e d design of a cock, a S t . Andrew's c r o s s , and a p l a n t V*). 
Amongst f i n d s outside of London may be mentioned sandals and shoes 
found when c l e a r i n g a f l i n ; t - l i n e d w e l l a t Thatcham, B e r k s h i r e , 
( 1 ) Arch., 1906, LX, 165. 1 
( 2 ) D a i l y Telegraph, Oct. 2. 1954. 
( 3 ) J.R.S., 1955, LV, P l a t e L I F i g . 3. 
(k) J.R.S., 193^, XXIV, P l a t e XIV, and page 211. 
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i n 1 9 2 9 ^ ' and more r e c e n t l y , sandals and a number of 
w e l l - p r e s e r v e d shoes ( l a t e second century) f o r a d u l t s 
and c h i l d r e n discovered on a k i l n s i t e a t Cantley, hear 
Doncaster, i n 1 9 5 9 ( 2 ) . 
S i l c h e s t e r has produced an example of ornamental 
metal work a s s o c i a t e d with l e a t h e r . T h i s f i n d was a brass 
r o s e t t e and ornamental hinges ( F i g . 105 )» of a " r i c h 
golden colour",, which had* been attached to l e a t h e r work, 
t r a c e s of which were s t i l l v i s i b l e . ( 3 ) S i l c h e s t e r has 
a l s o f u r n i s h e d us w i t h a shoemaker's a n v i l (Fig« 106 ).(**•). 
( 1 ) J.R.S., 1929, XIX, 180. 
( 2 ) J.R.S., 1960, L, 221. 
( 3 ) Arch., 1901, L V I I , 244-5. 
( 4 ) Arch., 189 2*, LIV, 142. 
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METALWORKING. 
I n t h i s s e c t i o n i t i s proposed to h i g h l i g h t , some of 
the more i n t e r e s t i n g a s p e c t s of Roman technique i n metal-
working without going i n t o a d e t a i l e d d e s c r i p t i o n of a l l the 
numerous examples of metalwork which have come to l i g h t i n 
the various hoards of metal o b j e c t s . ( l ) 
I r o n . 
The raw m a t e r i a l f o r the Romano-British blacksmith 
was blooms of i r o n made as desc r i b e d on page 56 • These 
would be re-heated and probably beaten i n t o bar form, the 
bar being a convenient s t a r t i n g point f o r much of the smith's 
work. Under the repeated hammering which the i r o n would 
r e c e i v e i n i t s m e t a l l u r g i c a l progress from the bloomery 
through the smith's hearth, the r e s u l t i n g products from the 
forge would a l l be wrought i r o n . I t i s p o s s i b l e t h a t i n some 
cases a c a r b u r i s e d bloom would be r e c e i v e d - i f a furnace such 
as that a t Cols t e r w o r t h were! operated as suggested on page 60 -
and then the f i n a l products might approximate to a good mild 
s t e e l , but there i s l i t t l e doubt t h a t the m a j o r i t y of the 
a r t i c l e s turned out by the blacksmith would, a t t h e i r best, 
be wrought i r o n . 
S t r i p p e d of t h e i r outer l a y e r of r u s t , such wrought 
i r o n f i n d s r e v e a l the h i s t o r y of t h e i r manufacture. Thus an 
axe was made by taking a bar of wrought i r o n , bending i t 
double, and welding i t i n t o a s t r i p ; the s t r i p was then 
bent i n h a l f , a mandrel i n s e r t e d between to make the h a f t -
hole or eye, and the i r o n welded together i n t o a s o l i d mass. 
Recent metallographic examination of one of the S i l c h e s t e r . 
axes (from the 1890 hoard) showed, c o n t r a r y to expectation, 
that i t had not been hardened a t the edge by quenching and 
tempering, but only by the hammering n e c e s s a r y to produce the 
r e q u i s i t e t h i n n e s s . The axe-head i s of a medium-carbon s t e e l ; ; 
the carbon was included from the smith's h e a r t h during the 
repeated forgings of the metal from which the t o o l was made.v^JI 
T y p i c a l axe-heads from the 1890 S i l c h e s t e r hoard ( 3 ) are 
shown i n F i g , 107 together with a blacksmith's a n v i l and tongs. 
The " a x l e " i s over 3 f t . i n length and i l l u s t r a t e s how s t r a i g h t 
such a piece could be made, from two f l a t bars welded together; 
( 1 ) A concis e survey of weapons, t o o l s & u t e n s i l s i s given by 
R.G.Collingwood i n Chapter XVI of h i s "Archaeology of 
Roman B r i t a i n " , (London, 1 9 3 0 ) . 
( 2 ) H.H.Coghlan, "Notes on P r e h i s t o r i c & E a r l y I r o n i n the Old 
World", l 4 8 ( P i t t - R i v e r s Museum Occas i o n a l Papers on 
Technology, 1956). 
( 3 ) Arch., 189^, LIV, 139-
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the c o l l a r near the -le'f t,-hand end i s 2 inches square. 
• 
Provided that an axe i s sharp enough to cut, i t i s 
not a s e r i o u s disadvantage;! i f the metal i s not hardened; a 
hard edge could be s e r i o u s i i y damaged on s t r i k i n g a stone or 
other o b s t a c l e , whereas a roughened s o f t edge can r e a d i l y be 
dressed on a whetstone. Scythes, which, because of t h e i r 
length, might bend due to the comparative s o f t n e s s of the 
metal, were made, with a stout,",rim to s t i f f e n them. Nicks i n 
the blade, caused by s t r i k i n g / . o b s t a c l e s , were beaten out on 
mowers' a n v i l s . Fig.108 shoWs|fra,t 29, a scythe, with a blade about 5 f t . ^ in« long, from the' Great C h e s t e r f b r d hoard, 
together with a mowers a n v i l : ; from S i l c h e s t e r ; the p i e c e s 
p r o j e c t i n g from the a n v i l prevent i t s being d r i v e n too f a r 
i n t o the ground. 
A f t e r m e t a l l u r g i c a l examination of some i r o n o b j e c t s 
from the ¥all, S my the reported i; t h a t "Sockets f o r v a r i o u s t o o l s 
and weapons are made by bending the flanged end of the o b j e c t ; 
and the wooden s h a f t i s secured by n a i l s through the socket, 
A roadman's p i c k gave evidence t h a t i t s socket was d r i f t e d 
and a l s o that a broken point""had been mended by welding on a 
piece of metal about 2 inches lln s i z e " . Large masses of c h a i n 
m a i l from Chesterholm were proved to be made of "a very mild 
s t e e l " . C 1 ) 
The Romans achieved a degree of s t a n d a r d i s a t i o n i n t h e i r 
c r a f t products'. F i g . 109 shows two-barbed b o l t s , t r a c e d from a 
P l a t e i n A r t i s ' book of engravings ( 2 ) ; . The l a r g e r of the two 
might be described as a h i n g e - b o l t , because somethhg i s 
obviously intended to p i v o t i n the h o l e . An i d e n t i c a l hinge-
b o l t , but with i t s f u l l complement of four barbs, was found a t 
S i l c h e s t e r ( 3 ) . These b o l t s are e v i d e n t l y intended to be f i x e d 
i n t o holes i n masonry by running lead or cement i n t o the hole, 
the barbs then s e r v i n g to prevent the b o l t s being p u l l e d out. 
A f u r t h e r example of u n i f o r m i t y i s i l l u s t r a t e d i n Fig.110 where 
locks from Great C h e s t e r f o r d (drawn to a s m a l l e r s c a l e ) are 
c l e a r l y of the same p a t t e r n as the S i l c h e s t e r padlock. 
(1) J.A. Smythe, "Roman Objects of Copper & I r o n from the 
North of England", Proc. Univ. Durham P h i l . S o c , IX, 398 , 
(2) E.T. A r t i s , "The Durobrivae of Antoninus I d e n t i f i e d and 
I l l u s t r a t e d " , (London, 1828); A r t i s says t h a t the b o l t s 
were found i n the P a r i s h of Castor and Sutton. 
(3) See F i g . 27, Item 7, i n G.C. Boon, "Roman S i l c h e s t e r " , 
(London, 1957 ) . 
Large padlock (1 linear). 
F i g . 110 G r e a t Ch.esterford p a d l o c k s compared 
w i t h S i l c h e s t e r p a d l o c k . 
•Z'"/; "ill 
• . i 
Fig I I I - Examples illustrating the three methods employed by the Romans for making the joints in the manufacture 
of pipes. linear.) 
A A1. First method. A piece of a water-pipe dug up in Chester. 
B B1. Second method. A flanged pipe from Silcherter. 
O c 1 . Third method. One of the pipes of the force-pump discovered at Silcheatcr in 1895. 
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Lead • 
W. Gowland i n v e s t i g a t e d the methods* used by the Romans 
i n B r i t a i n f o r making j o i n t s i n l e a d w o r k ( l ) , as shown by the 
d i f f e r e n t techniques they employed i n j o i n i n g the edges of a 
s t r i p of lead to make pipes . He found that three d i s t i n c t 
methods were used: 
. 1 . Autogenous s o l d e r i n g , or "l e a d burning", 
2. Burning the edges together with an a l l o y c o n s i s t i n g 
of lead plus a l i t t l e t i n . 
3. S o l d e r i n g with s o f t s o l d e r , i . e . w i t h a high t i n 
s o l d e r . 
F i g , 111 shows the o b j e c t s examined by Gowland. AA 1 i s a lead 
pipe from Chester (shown again i n c r o s s - s e c t i o n , i n F i g . 112 ) ; 
m i c r o s c o p i c a l and chemical examination showed no d i f f e r e n c e 
between the lead of the j o i n t , and that of the pipe, hence the 
edges must have been burned together with lead only. The .» 
j o i n t i n the S i l c h e s t e r pipe, BB', by chemical a n a l y s i s , 
contained U.52$ t i n whereas the pipe i t s e l f showed only a 
tr a c e of t i n , i n d i c a t i n g t h a t the j o i n t had been made, by lead 
burning but u s i n g a low - t i n lead a l l o y i n s t e a d of pure lead.. 
CC' was the pipe found i n the S i l c h e s t e r f o r c e pump (page 19. ) . 
Here the j o i n t contained 25.^2'$ t i n , corresponding to plumber's 
s o f t s o l d e r , r e v e a l i n g f o r the f i r s t time that the Romans made 
and used s o f t s o l d e r . 
The piece of pipe from the force, pump body was remarkable 
i n t h a t , c o n t r a r y to -Roman lead i n g e n e r a l , i t contained t i n , 
to the extent of 1.1$. Gowland argues ( 2 ) ' that as t i n would 
be more c o s t l y than lea d , t i n would not be present i n a lead 
pipe u n l e s s d e l i b e r a t e l y added, and "the e f f e c t of the 
a d d i t i o n of even .small q u a n t i t i e s .of t i n to le a d on i t s 
p h y s i c a l properties, i s to inc r e a s e " i t s hardness, s t r e n g t h 
and d u r a b i l i t y " , ' p r e c i s e l y the f e a t u r e s which a force pump 
pipe should possess, and f u r n i s h i n g "another example .... of 
the intimate knowledge possessed by the Romans of the p r o p e r t i e s { 
of metals and t h e i r a l l o y s " . 
(3) ! 
(1) W.Gowland, "The E a r l y Metallurgy of S i l v e r & Lead", ~^ 
Arch., 1901, L V I I , kl2-kl7. . 
(2) Arch., 1901, L V I I , kl6. 
(3) Some caution i s n e c e s s a r y here, because the excavation 
r e p o r t (Arch., I896, LV, 233) makes i t c l e a r t h a t the 
pipes found i n the pump body were not the o r i g i n a l s , 
because they did not have the s i d e branches, which.the 
o r i g i n a l s must have had (to make the whole f u n c t i o n as 
a force pump). As the repor t says, " E i t h e r , then, new 
pipes of a d i f f e r e n t p a t t e r n have been s u b s t i t u t e d f o r 
the older, or others f o r another use have r e p l a c e d the 
o r i g i n a l s . " However, t h i s does not a f f e c t the s o f t s o l d e r 
p a r t of Gowland's i n v e s t i g a t i o n , provided that the new pipes 
were a c t u a l l y Roman, which there i s no obvious reason to dqubi 
l i . 
Fig M 2 . The pipe from Chester (fig. 15, A A1.) ( i linear.) 
A. Tranverse section of sheet of lead as bent before the joint was made. 
B. Tranverse section after the joint was made. 
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The Romans made ext e n s i v e use of lead, and B r i t a i n was 
no exception to t h i s p r a c t i c e . A l a r g e proportion of the 
lead went i n t o lead c i s t e r n s f o r s t o r i n g water; i n t o lead 
pipes f o r d i s t r i b u t i n g water; and i n t o the heavy p l a t e s used 
f o r making p u b l i c baths. The great bath a t Bath was l i n e d 
w i t h sheets of lead about 10 f t . long, n e a r l y 5/8 i n c h , i n 
t h i c k n e s s , and weighing 37 l b . per square f o o t ( l ) . A water 
channel a t Bath, i n c r o s s s e c t i o n 21 i n . by 7 i n . , was made 
of lead n e a r l y 1 i n c h t h i c k . ( 2 ) 
When inhumation superseded cremation, lead c o f f i n s 
became common, and French a r c h a e o l o g i s t s are agreed that 
B r i t i s h lead was used f o r t h i s purpose even i n Normandy(3). 
F i g . " 3 shows a lead c o f f i n discovered a t C o l c h e s t e r . Gowland 
remarks that these c o f f i n s are g e n e r a l l y made out of a s i n g l e 
r e c t a n g u l a r sheet of lead, by c u t t i n g out p i e c e s from the 
corners so that the ends and s i d e s could be bent up to form 
a b o x . T h e v e r t i c a l edges were u s u a l l y j o i n e d by 
s o l d e r i n g r a t h e r than by lead burning. 
The Romans appear to have been aware of the poisonous 
nature of minium ( r e d - l e a d ) , f o r P l i n y s t a t e s that preventive 
measures were adopted by workers i n minium: "Qui minium i n 
o f f i c i n i s p o l i u n t faciem l a x i s v e s i c i s i n l i g a n t , ne i n 
respirando p e r n i c i a l a m pulverem trahant et tamen ut per. 
i l l a s spectent" ( 5 ) - "They who prepare minium i n workshops 
t i e up t h e i r f a c e s i n loose bags l e s t i n r e s p i r i n g they i n h a l e 
the p e r n i c i o u s dust, y e t so that they may see through them". 
Other Metals. 
Reference has a l r e a d y been made (page 103 ) to the brass 
r o s e t t e and hinges found i n a s s o c i a t i o n with leatherwork a t 
S i l c h e s t e r . Gowland, who made s e v e r a l c o n t r i b u t i o n s to the 
study of e a r l y metallurgy, was impressed by the r i c h golden 
colour and the extreme thinness of these p i e c e s , and he made 
a chemical a n a l y s i s of the metal of the r o s e t t e and a stud 
from one of the hinges* His f i g u r e s were: 
R o s e t t e . Stud. 
Copper 80.42$. 82 . 31$ . 
Zinc 18 .77 17.11 
Lead 0 . 0 9 . 0.08. 
I r o n 0 . 6 2 . 0.45. 
(1) Arch., 1901, L V I I , 408. 
(2) Cox, Arch., Jour., 1895; 25. 
(3) Cox, l o c . c i t . . 
(4) V. Gowland, Arch., 1901, L V I I , 4 l 9 . 
(5) L i b . x x x i i i . cap. v i i . s e c t . 39i S i l l i g ' s ed. 
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showing that r o s e t t e and stud are of p r a c t i c a l l y the same 
a l l o y . Gowland s a y s ( l ) "Now, of a l l the copper-zinc a l l o y s , 
those which contain 15 to 20$ of z i n c possess the g r e a t e s t 
d u c t i l i t y . T h i s Roman brass i s therefore one of the most 
d u c t i l e of the whole s e r i e s of b r a s s e s . I t i s , besides, 
i d e n t i c a l i n composition with Tournay's a l l o y ' ( c o p p e r 82.5$» . 
z i n c 17.5$)» which, on account of t h i s property and i t s r i c h 
colour, i s used f o r the manufacture of a l l French j e w e l l e r y 
made from t h i n sheets i n i m i t a t i o n of gold. Hence the brass 
of which the r o s e t t e s are made i s notably of the composition 
which i s best f i t t e d f o r making such ornaments, and i s th a t 
which would be employed a t the present day. Another example 
i s thus added to those a l r e a d y f u r n i s h e d .... of the advanced 
stage the Romans had reached i n t h e i r knowledge of metals and 
a l l o y s and of t h e i r application's to s u i t a b l e u s e s . " 
The metal z i n c was unknown to the Romans, but a z i n c 
ore, calamine ( z i n c carbonate), was f a m i l i a r to them, and 
they made brass from calamine and copper by he a t i n g granules 
of copper with a ground mixture of calamine and charcoal-.. The 
char c o a l reduced the calamine" to z i n c which then a l l o y e d w i t h 
the copper to produce b r a s s . According to Gowland this, a n c i e n t 
process was followed u n t i l comparatively r e c e n t times. * 
Specimens of brass recovered from the neighbourhood of 
Hadrian's Wall, and examined by Smythe( 2), were found to f a l l „ 
i n t o three groups i f the an a l y s e s were r e c a l c u l a t e d i n terms 
of copper and z i n c only. (3) 
Copper 87$ 89$ 94$ 
Zinc 13 11 6 
which may imply d i s t r i b u t i o n of standard brass from one .centre 
of manufacture. Brass was "the favoured m a t e r i a l f o r the 
making of pins and sma l l a p p l i a n c e s l i k e -tweezers, where 
s p r i n g i n e s s i s r e q u i r e d . A good d e a l o f wire, e v i d e n t l y used 
i n making these a r t i c l e s , c o n s i s t s a l s o of b r a s s . 
Bronze, of course, was well-known and i t was e x t e n s i v e l y 
employed f o r making cooking u t e n s i l s , weapons and j e w e l l e r y . 
Reporting on specimens of bronze, Smythe says " I n these the 
percentage of t i n ranges from 2.5 to 12.2$ and i t i s of 
i n t e r e s t to observe that i n a n c i e n t Peruvian bronzes the range 
i s from 2 to 13$ and i n Egyptian'2 to l6$(5). Amongst the 
(1) Arch., 1901, L V I I , 245-6. 
(2) J.A. Smythe, "Roman Objects of Copper & I r o n from the North 
of England", Proc. Univ. Durham. P h i l . S o c , IX, 386. 
(3) For convenience, Smythe 1s r e s u l t s are here quoted i n 
round f i g u r e s . 
(k) J.A. Smythe, l o c . c i t . . (5/ J.A. Smythe, o p . c i t . , 385* 
r . 
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furnaces a t Wilderspool d e s c r i b e d by May(l) were two of the 
r e v e r b e r a t o r y type, and a s s o c i a t e d with one of these were 
f i v e fragments of c r u c i b l e s . Enough of one c r u c i b l e remained 
to i n d i c a t e t h a t i t was 3/8 i n c h t h i c k , about 2-f- i n s . a c r o s s 
the rim and 1-f- i n c h deep. Adhering to some of the p i e c e s was 
corroded metal which on a n a l y s i s corresponded to.a bronze of 
compositions copper 88.74$, t i n 9-73$, and z i n c 1.53$. I t 
was therefore a specimen of the a l l o y from which s e s t e r t i i 
were made, and May suggests that i t may have been used to make 
the f i b u l a e and s i m i l a r a r t i c l e s found i n the v i c i n i t y . May 
concluded that the neighbouring houses were j e w e l l e r s ' work-
shops. C r u c i b l e s , d r o p l e t s of bronze, and a mould f o r a r i n g 
were found a t C a l l e v a . l ^ ) 
Any c o l l e c t i o n of Romano-British j e w e l l e r y i s c e r t a i n to 
contain a l a r g e number of brooches, simply because" brooches 
were then used i n s t e a d of buttons. The a n c e s t o r of a l l 
brooches was the s a f e t y - p i n , and Collingwood reminds us t h a t 
"long before our period begins, the o r i g i n a l s a f e t y - p i n had 
developed i n v a r i o u s ways and d i f f e r e n t i a t e d i t s e l f i n t o 
v a r i o u s forms", and "by the time the Romans conquered B r i t a i n , 
the conquerors on the one hand, and the conquered on the other, 
were u s i n g brooches of many d i f f e r e n t k i n d s . Spring pins and 
hinge pins,.bow brooches and p l a t e brooches, simple p a t t e r n s 
and elaborate patterns - a l l these were a l r e a d y i n use".(3) 
Collingwood d e s c r i b e s 118 types;, he says that "Traces of the 
workshops i n which these brooches were made have been found a t 
Brough-under-Stainmore and Kirkby Thore i n Westmorland, and a t 
T r a p r a i n Law i n Haddingtonshire" ( E a s t L o t h i a n ) . ( * 0 Here 
i n F i g . 114 we i l l u s t r a t e three brooches i n the G u i l d h a l l Museum: 
the f i s h (top l e f t ) i s enamelled green and white, below i t i s 
one of four known forms, of penannular brooch; a t bottom r i g h t 
i s a 'trumpet' brooch of which there are many v a r i e t i e s (the 
remaining items i n Fig . 1 1 4 a r e a b r a c e l e t , a h a i r - p i n and a 
f i n g e r - r i n g ) . I n Fig.115 i s an enammeled belt-end and buckle 
found a t Caerleon.(5T A bronze brooch with green and blue 
enamel i s shown i n Fig . 1 1 6 > together w i t h another brooch.which 
has a s l i d i n g r i n g , and a bronze cap, probably f o r ,a s t a f f ; 
t h i s cap i s a good example of bronze-casting. A l l the p i e c e s 
i n Fig . 116 were found a t S i l c h e s t e r . ( 6 ) Speaking about the 
c a s t i n g of bronze, Smythe says " R e p e t i t i o n work i s i n d i c a t e d 
by the i d e n t i t y of two r a t h e r i n t r i c a t e ornamental c a s t i n g s i n 
bronze, found a t Corbridge and Houses teads, 11 and "an ornamental" 
s t y l u s handle of bronze s t i l l contained a core of baked c l a y . "(7) 
(1) Thomas May, "Warrington's Roman Remains", 76, (Warrington. 1904) (2) G.C. Boon, "Roman S i l c h e s t e r " , 182, (London, 1957). 
(3) R.G. Collingwood, "Archaeology of Roman B r i t a i n " , Chap. XV, 
243-4, (London, 1930). ; „ . 
(4V R.G. Collingwood, o p . c i t / , 253. 
(5) Arch. Cambrensis, XCV, 101. 
( 6 ) Arch., 1898, LVI, 124. 
(7) J.A. Smythe, o p . c i t . , 391. 
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Examination of c e r t a i n small f i n d s d i s c l o s e d some points 
about working methods: "Hinge pins of bronze s e a l boxes are 
made.of i r o n ; those which secure the s p r i n g of f i b u l a - p i n s 
are of iron,, brass, or bronze and, i n the l a s t case the metal 
i s u s u a l l y wrought, w h i l s t that, of the brooch i t s e l f may be 
c a s t . I n one case, an i r o n r i v e t seemed to be s e t i n a bronze 
s l e e v e . A s e c t i o n cut through an ornamental stud i n a f i b u l a 
showed that the f i b u l a had been d r i l l e d to take the i n s e t , the 
evidence being the dragging out.of the cores of the c a s t metal 
of the f i b u l a , roughly t a n g e n t i a l to the edge of the h o l e . " 
S i l c h e s t e r has provided a small l e a f cut out of t h i c k 
gold f o i l . ( l ) probably intended f o r a piece of j e w e l l e r y never 
f i n i s h e d , and a t Verulamium i n I96O there were found a dozen 
t i n y c r u c i b l e s , some s t i l l c o ntaining t r a c e s of gold. (2 ) 
S i l v e r p l a t i n g , that i s to say, s i l v e r sheathing, was not un-
known i n Roman B r i t a i n , as the p l a t e d heddle mentioned on 
page 113 proves. Ornamental s i l v e r spoons and s o l i d s i l v e r 
o b j e c t s l i k e the b e a u t i f u l s i l v e r d i s h known as the Corbridge 
Lanx were imported.(3) What evidence there i s of n a t i v e s i l v e r -
smith's work appears to be confined to . ornamental - sometimes, 
i n s c r i b e d - s i l v e r p l a t e s used i n temple r i t u a l . ( * 0 An i n t e r -
e s t i n g f i n d a t Shapwick Heath, Somerset, was a wooden tankard 
5 7 / l 6 t h inches high, with a bronze c a s i n g . The wooden base i s 
decorated with lathe-turned c i r c l e s ( F i g . 117 ) ( 5 ) . 
Pewter does not" appear i n Romano-British c i v i l i s a t i o n 
u n t i l l a t e i n the period of occupation, when the r i s i n g 
standards of l i v i n g among v i l l a i n h a b i t a n t s of the fo u r t h 
century probably c r e a t e d a demand f o r metal ware of p l e a s i n g 
appearance but without the c o s t l i n e s s of s i l v e r . ( 6 ) Pewter i s 
an a l l o y of lead and t i n , and i t s appearance i n the economy 
co i n c i d e s with the r e v i v a l of Cornish t i n production. A hoard 
of pewter v e s s e l s was discovered a t Appleshaw, near Andover, (7 ) 
and eig h t ingots were brought out of the Thames near B a t t e r s e a .(8) 
Evidence of B r i t i s h manufacture of metal d i s h e s and bowls, 
perhaps by metal-beating r a t h e r than c a s t i n g , i s su p p l i e d by a 
remarkable s e r i e s of stone moulds from Lansdown, near Bath. The 
moulds d i s p l a y not only the shape of the v e s s e l s themselves, 
but d e t a i l s such as handles, medallions and other ornament-
a t i o n . ( 9 ) 
(1) Arch., 1899. LVI, 241 ( 2 ) J.R.S., 1961, L I , 180. 
3) F . H a v e r f i e l d , J.R.S., 1914, IV, 1 . 
4) R.G. Collingwood, "Economic Survey of Ancient Rome", i i i , 99« 
(5) J.R.S., 1940, XXX, 175. 
( 6 ) R.G. Collingwood, l o c . c i t . , 98 . 
(7 ) Arch., 1897, LVI, 7. (8 ) Ephemeris E p i g r a p h i c a , I X , 1263. 
C9) I.A- Richmond, "Roman B r i t a i n " , 175. ( P e l i c a n H i s t o r y of 
England, 2nd ed. f 1 9 6 3 ) . 
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J e t . 
Although not a metal, i t i s convenient to i n c l u d e j e t 
here because of i t s a s s o c i a t i o n with j e w e l l e r y and ornament-
a t i o n . J e t i s a black, c o a l - l i k e substance, of dense texture 
but e a s i l y cut, capable of t a k i n g a high p o l i s h . I t s use f o r 
ornamental purposes i s known s i n c e N e o l i t h i c times, but there 
i s no evidence of c o n t i n u i t y between n a t i v e and Roman working 
of j e t . ( l ) Whitby, i n Y o r k s h i r e , i s the source of B r i t i s h 
j e t ; f o r generations there have been undersea outcrops which, 
eroded by wave-action, provided beach d e p o s i t s of the m a t e r i a l . 
T h i s source has f a i l e d only w i t h i n r e c e n t y e a r s , so the 
Romans would undoubtedly c o l l e c t t h e i r supplies' from the 
beaches without mining. Excavations i n 1873 f o r the railway, 
s t a t i o n a t York, some 45 miles from Whitby, r e v e a l e d blocks 
of j e t i n the rough and some p i e c e s p a r t l y worked f o r p i n s . 
On the same s i t e there was an inhumation cemetery, the t h i r d 
to f o u r t h century graves of which have y i e l d e d many examples 
of j e t j e w e l l e r y , now i n the Y o r k s h i r e Museum a t York. I t i s 
ther e f o r e probable that somewhere on the s i t e of the present 
r a i l w a y s t a t i o n there was a workshop producing a r t i c l e s made 
from Whitby j e t . Workshop r e j e c t s from t h i s s i t e show how j e t 
h a i r p i n s were made: A roughly-squared block 2 to 3 inches 
long was pared to a c y l i n d r i c a l or polygonal shape, according 
to the kind of head r e q u i r e d , and the s h a f t was then.turned on 
a l a t h e and sharpened and p o l i s h e d . The heads were sometimes 
made s p h e r i c a l , or ovoid, or faceted, the l a t t e r by c u t t i n g 
the corners of a c u b i c a l head. 
J e t beads f o r ne c k l a c e s or b r a c e l e t s are very numerous, 
and some have been cut wi t h admirable s k i l l to form i n t r i c a t e 
i n t e r l o c k i n g p i e c e s . Pendants were a l s o made, some i n the 
form of p o r t r a i t medallions; one of these from the Y o r k s h i r e 
Museum i s shown i n F i g . 118. Bangles, a n k l e t s , h a i r - r i n g s ' 
and f i n g e r - r i n g s are known, but i t i s wor*thy of note that the 
c i r c u l a r wasters, known as "c o a l money", which are a f e a t u r e 
of the Kimmeridge shale i n d u s t r y , are conspicuously absent a t 
York. Perhaps j e t , being the more v a l u a b l e m a t e r i a l , was t r e a t e d 
more economically, and any remnant d i s c s were reworked i n t o 
s m a l l e r o b j e c t s such as beads. 
At York three j e t s p i n d l e s , 7*4 inches long, h a l f - a n - i n c h 
i n diameter, were found. As these are too long and t h i c k f o r 
pins, i t i s thought that they may have been d i s t a f f s . 
Fragments of j e t d i s t a f f s were found a t S i l c h e s t e r . ( 2 ) , and 
j e t j e w e l l e r y i s found throughout B r i t a i n . T h i s r a i s e s the 
(1) R.C.H.M., "Ebvracvm: Roman York", I , (London, 19^2). 
(2) G.C. Boon, "Roman S i l c h e s t e r " , 194, (London, 1957). 
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question whether these products were made a t York and 
thence traded a c r o s s the country, or whether - as appears 
to have been the case with Kimmeridge s h a l e - the raw 
m a t e r i a l was,sent to be worked a t other c e n t r e s . Of 
even g r e a t e r i n t e r e s t i s the o r i g i n of the j e t o b j e c t s 
found on the Continent., f o r example, i n the Rhine land, because 
j e t occurs i n Spain and Southern France. S o l i n u s , the t h i r d -
century schoolmaster, recognised B r i t i s h j e t as being of 
b e t t e r q u a l i t y , (1) and i t i s not u n l i k e l y that the.Rhine-
land j e t specimens were made from B r i t i s h j e t , because the 
m a t e r i a l i s very s i m i l a r , and i t i s known that the Rhine was 
i n d i r e c t communication with e a s t e r n B r i t a i n . ( 2 ) 
I t might be mentioned that the York graves have a l s o 
supplied i v o r y i n the form of the r i b s of a fan, and .a p a r a s o l , 
but whether these were fashioned a t York from pi e c e s of i v o r y , 
or were imported ready-made, i t i s as yet impossible to say. 
f 1 ) C o l l e c t a n e a rerum memorabilium,22,11. 
(2) R.C.H.M., "Ebvracvm: Roman York", I (London, 19-62) 
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TEXTILES. 
Spinning and Weaving. 
Eig h t y - n i n e weaving combs, mainly made from a n t l e r s 
of the red deer, found i n the Glastonbury lake v i l l a g e show 
that there was a f l o u r i s h i n g production of t e x t i l e s long 
before the Roman o c c u p a t i o n . ( l ) I n the Roman era B r i t i s h 
woollen goods had a r e p u t a t i o n throughout the Empire; t h i s 
i s shown by D i o c l e t i a n ' s p r i c e - f i x i n g e d i c t s o f A.D-301, i n which they are the only B r i t i s h product mentioned. The e d i c t 
was carved i n stone a t s e v e r a l i m p e r i a l c e n t r e s of a d m i n i s t -
r a t i o n , and the complete t e x t i s s t i l l being pieced together 
from fragments found i n many p l a c e s . A waterproof cloak, the 
" b i r r u s B r i t a n n i c u s " , s a i d to be made from goat's wool, has 
been known f o r some time, but a fragment of .the e d i c t r e c e n t l y 
found i n North A f r i c a has' r e v e a l e d the "tapete Britannicum", 
a s o r t of p l a i d blanket,(2) perhaps a l s o used as a rug or 
as a h o r s e - c l o t h . . 
The N o t i t i a Dignitatum, or l i s t of government appoint-
ments, mentions an i m p e r i a l weaving m i l l a t Venta (which i s 
b e l i e v e d to be Venta Belgarum, i . e . , W i n c h e s t e r ) ; the c l o t h 
would almost c e r t a i n l y be f o r the Roman army. The weaving 
would be done on hand-looms which would be mainly of wooden 
c o n s t r u c t i o n , u n l i k e l y to s u r v i v e to the present day, although 
what are considered to be loom-weights - stones with a hole 
through them or a groove around them, or the e q u i v a l e n t i n 
f i r e d c l a y -.are sometimes found. A remarkable s u r v i v a l , 
almost c e r t a i n l y Roman, i s the s m a l l "heddle" found a t South 
S h i e l d s . ( 3 ) T h i s i s made of bone, p a r t l y sheathed i n s i l v e r , 
and i n appearance i s l i k e a miniature f i v e - b a r r e d gate stood 
on end, measuring about 3 1/8 x 1 i n c h e s . The bars are 
perforated with a s i n g l e hole i n the c e n t r e , each to take a 
thread of the warp, and the f u n c t i o n of the heddle - as with 
a l l heddles - i s a l t e r n a t e l y to r a i s e and lower the threads 
of the warp when weaving, so that the s h u t t l e c o n t a i n i n g the 
weft thread can pass a l t e r n a t e l y below and above the warp 
threads. A heddle as s m a l l as the South S h i e l d s f i n d could 
only be used f o r weaving narrow bands such as tapes or 
g a r t e r s , n e v e r t h e l e s s i t i s but a reduced v e r s i o n of the 
f u l l - s c a l e wooden heddles which must have been used i n the 
weaving of c l o t h . 
(1) Arthur B u l l e i d & H. S t . George Gray, "The Glastonbury Lake 
V i l l a g e " , I , 266, (Glastonbury A n t i q u a r i a n S o c , 191l)• 
(2) G. Caputo and R. Goodchild, " D i o c l e t i a n ' s P r i c e - e d i c t a t 
Ptolemais ( C y r e n a i c a ) " , J.R.S., 1955, XLV, 106. 
(3) R . C Bosanquet, "A bone Weaving-frame from South S h i e l d s 
i n the B l a c k Gate Museum", Arch. A e l . , 19^8, XXVI, 89* 
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On a l l Romano-British domestic s i t e s there i s 
evidence of hand-spinning. Hand-spinning was the method 
of forming y a r n . I n t h i s process the combed'and cleaned 
wool or f l a x i s impaled on a d i s t a f f h e l d i n the' l e f t hand 
or under the arm. A length of f i b r e s i s drawn from the mass, 
twisted by hand, and wound on to the' s p i n d l e which i s then 
kept t w i r l i n g to draw o f f , and t w i s t , more yarn. The s p i n d l e 
i s weighted with a "whorl" which a c t s as a s m a l l f l y - w h e e l , 
and so helps to maintain the r o t a r y movement .(see F i g s • 119&120 ) . 
The evidence f o r hand-spinning i s the many s p i n d l e whorls - i n 
stone, lead, g l a s s , baked c l a y - which are unearthed, along 
with s p i n d l e s i n bone or wood. F i g . 121 i l l u s t r a t e s some 
implements ( i n the G u i l d h a l l Museum) fo r . t h e making of c l o t h i n g 
or n e t s . From l e f t to r i g h t they a r e : a bronze needle f o r n e t -
making; s p i n d l e of bone; s p i n d l e of wood-with a g l a s s whorl; 
group of f i v e whorls;, bronze hook; three needles* That 
s p i n d l e whorls w e r e - t r e a s u r e d possessions i s shown by the 
trouble taken a t times to decorate t h e m ( l ) , and by the f a c t 
t h a t they are sometimes found buried with the people who had 
used them* 
S e v e r a l t h i n bronze p l a t e s , about one i n c h square, with 
f i v e t e e t h f i l e d along one edge, were found at S i l c h e s t e r , 
and ar,e considered to have been used e i t h e r f o r carding, wool 
(drawing out the f i b r e s l e n g t h w i s e ) , or as weaving-combs to 
press down the weft. ( 2 ) There have been a c t u a l f i n d s of 
t e x t i l e s : S i l c h e s t e r f u r n i s h e d a shred of l i n e n , and the 
Roman f o r t a t H u n t c l i f f a piece of brown c l o t h . ( 3 ) The most 
outstanding discove.ry, however,, was made i n 1850 by two men 
digging peat on Grewelthorpe Moor i n Y o r k s h i r e , who came upon 
the body of a man - "from h i s dress e v i d e n t l y a Roman" - which 
the peat had almost completely preserved. "The robes were 
q u i t e p e r f e c t when found, the toga of a green colour, while 
some portions of the dress were of a s c a r l e t hue; the 
stockings were of yellow c l o t h , and the sandals of a f i n e l y 
a r t i s t i c shape".(*0 
F i n i s h i n g : F u l l i n g and Cropping. 
" F i n i s h i n g " i s the treatment of the c l o t h a f t e r 
weaving. The most important p a r t of f i n i s h i n g i s " f u l l i n g " 
(1 ) For'example, the e a r l y harbour s i t e a t G l o u c e s t e r y i e l d e d 
a f i r s t - c e n t u r y s p i n d l e whorl of the l o c a l b l u e - l i a s stone, 
decorated with i n c i s e d hatched t r i a n g l e s and segments of 
c i r c l e s ( j . R . S ^ , 19^3. XXXITI, P l a t e l ) . 
(2 ) G.C. Boon, "Roman S i l c h e s t e r " , 195, (London, 1 9 5 7 ) . 
(3) J.R.S., 1912^ I I , 215. 
(k) Audrey S. H e n s h a l l , " T e x t i l e s & Weaving Appliances i n Pre-
h i s t o r i c B r i t a i n , 1 1 Proc. P r e h i s t o r i c S o c , 1950, XVT, 1^0, 
quoting from "The Ripon M i l l e n a r y Record", 1892. A s t o c k i n g 
and a sandal are i n the Y o r k s h i r e Museum a t York. 
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which c l e a n s , f e l t s and thickens the c l o t h . The a n c i e n t 
f u l l e r c a r r i e d out t h i s process by t r e a d i n g the c l o t h i n a 
vat c o n t a i n i n g a detergent s o l u t i o n . Soap was not known to 
the Greeks, or to the RomansC1) who used' F u l l e r s ' e a r t h 
( " c r e t a f u l l o n i c a " , a hydrated aluminium s i l i c a t e ) and an 
a l k a l i , the former to-' absorb grease and the l a t t e r to form 
s o l u b l e compounds with i t . A commonly used a l k a l i was human 
uri n e which through s t a l e n e s s had' become ammoniacal, but l y e 
made from plant ashes or from natron (soda) was sometimes 
employed. The lower part of F i g . 122shows a f u l l e r a t work. 
The f u l l e r s were a l s o the laundrymen. of ...ancient times, . 
c l e a n s i n g garments which had a l r e a d y been worn. 
G.E. Fox d e s c r i b e d (2) probable f u l l e r i e s a t Chedworth 
V i l l a . , G l o u c e s t e r s h i r e ; T i t s e y , Surrey; and Darenth i n Kent, 
The i d e n t i t y of the T i t s e y arid Darenth f i n d s has not so f a r 
been questioned, but modem opinion about Chedworth i s i h a t 
i n the fourth,century'the o r i g i n a l bath house was converted 
i n t o hot rooms with l a r g e c o l d plunges, and i t i s t h i s scheme 
which has been mistaken f o r a ; f u l l e r y . ( 3 ) The p r i n c i p a l 
evidence at T i t s e y i s f i r s t l y , a l a r g e tank, 9 ft« wide, over 
21 f t . long and 2 f t . deep,,, paved with t i l e s , and w i t h a 
c e n t r a l g utter runniirg l o n g i t u d i n a l l y . A t h i n , t r a n s v e r s e 
dwarf- w a l l of b r i c k d i v i d e s the tank i n t o two s e c t i o n s , the 
g u t t e r passing through the w a l l . T h i s tank was thought by 
Fox to be f o r c l e a n i n g purposes because i t i s too l a r g e f o r 
p r i v a t e baths and too shallow for. a c o l d bath. The second 
important piece of evidence i s a l a r g e and complicated hypocaust 
system which could perhaps have, been f o r h e a t i n g hollow d r y i n g -
t a b l e s on which the t r e a t e d m a t e r i a l s would be l a i d out to dry. 
The p l a n t a t Darenth i s s m a l l e r . There i s a shallow 
trough, probably the t r e a d i n g place of the ' f u l l o n i c a 1 , i n 
which the l a r g e r a r t i c l e s to be f u l l e d could be trodden i n 
the detergent before being p u l l e d up the s l o p i n g s i d e s of the 
trough f o r beating and scrubbing. Another shallow tank and a 
l a r g e tank complete the washing f a c i l i t i e s , and i n one of the 
blocks of b u i l d i n g s there i s a " l a r g e r number of heated 
chambers than any Roman' b u i l d i n g erected f o r h a b i t a t i o n i n 
t h i s country i s known to have had". I t i s thus p o s s i b l e a t 
Darenth to i d e n t i f y the p l a c e s f o r f u l l i n g and drying. 
A f t e r f u l l i n g the c l o t h had, of course, to be washed 
with c l e a n water, e i t h e r i n a v a t or i n a stream, and a t the 
same time i t was beaten w i t h s t i c k s to i n c r e a s e the c l o s e n e s s 
of t e x t u r e . Subsequently i t was s t r e t c h e d i n the open a i r to 
(1 ) Singer, Holmyard, H a l l & W i l l i a m s , "A H i s t o r y of 
Technology", 2, 215, 3.55, (Oxford, 1 9 5 6 ) . 
(2) G.E. Fox, "Notes.on some probable t r a c e s of Roman F u l l i n g 
i n B r i t a i n " , Arch., 1905, LIX, 2o7. 
(3 ) .- "Chedworth", (National T r u s t Guide, 19^2) . 
FIGURE I 2 3 Raising cloth before cropping. From FIGURE I 1A. Shearing (or cropping) cloth. From the 
the Clothiers window at Semw-en-Auxois. c 1460. Clothiers window at Semw-en-Auxois. 
Fmn iZS R napptng-skears from Ckesterford, Essex, c 4 5 ft long. 
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dry on frames or " t e n t e r s " . L i n e s of post-holes observed a t 
S i l c h e s t e r may have been f o r t e n t e r s . (1) 
The d r i e d f a b r i c can then be t r e a t e d i n two ways 
according to whether a s o f t , f l u f f y f i n i s h , or a hard, c l o s e 
nap i s r e q u i r e d . For a s o f t f i n i s h the f i b r e ends are r a i s e d 
by a severe form of brushing, u s i n g - as P l i n y d e s c r i b e s -
hedgehog s k i n s , or sometimes a tough kind of t h i s t l e . I n 
Europe and p a r t i c u l a r l y i n southern England t e a z e l s were 
c u l t i v a t e d f o r the purpose., and the mediaeval c l o t h f i n i s h e r 
depicted i n :Fig.123 i s obviously u s i n g a 'brush' made of 
t e a z e l heads. 
For a hard nap, the r a i s e d f i b r e s were c l i p p e d o f f , as 
c l o s e to the c l o t h as p o s s i b l e , by "cropping s h e a r s " . The 
la r g e shears-from Great Chesterford, shown as Item 30 i n 
Fig.108 opposite page 105 * and again i n F i g . 125 » are thought 
to be cropping shears from a woollen m i l l . The upper pa r t 
of Fig.122 shows a Roman u s i n g cropping shears, but the manner of 
use i s more c l e a r l y i l l u s t r a t e d i n F i g . 124 where the mediaeval, 
worker has h i s l e f t w r i s t through a s t i r r u p - g r i p on one "blade 
of the shears; he operates the blades with the f i n g e r s of the 
same hand, w h i l s t with h i s r i g h t hand he s t e a d i e s the shears 
a g a i n s t h i s body. By having the c l o t h s t r e t c h e d over a frame 
or on a bench, and repeatedly brushing and cropping, Roman and 
mediaeval f i n i s h e r s would achieve a f i r m nap. 
F i n i s h i n g : Dyeing. 
Bleaching and dyeing are c r a f t s of great a n t i q u i t y . 
L i n e n c l o t h as woven was a grey-brown colour and had to be 
bleached, e i t h e r in' the sun f o r s e v e r a l weeks, or a r t i f i c i a l l y 
by sulphur fumes. A Pompeian mural shows a h e m i s p h e r i c a l wire 
frame, l i k e the hoop of a s k i r t , f o r c l o t h to be l a i d over and 
exposed to the fumes from a pot of burning sulphur placed 
i n s i d e the frame. 
I n the n i n e t e e n t h century i t was thought that a Romano-
B r i t i s h dyeworks had been discovered a t S i l c h e s t e r : Fox, 
excavating i n I n s u l a e IX, X and X I , came a c r o s s b u i l d i n g s which 
were not houses but apparently workshops of some s o r t . The 
c h i e f f e a t u r e was the remains of a number of c i r c u l a r furnaces* 
No s u p e r s t r u c t u r e s remained, but "only one or two courses of 
t i l e s surrounding a t i l e h e a r t h " . Comparison of these with 
furnaces i n a dyer's workshop a t Pompeii ( F i g . 126 ) l e d Fox 
to say (2) that had the 'Pompeian furnaces "been reduced to the 
(1) J . Thompson, "The Book of S i l c h e s t e r " , 2 , k06, (London,1924) . 
(2) G.E. Fox, Arch., 1895, LIV, 439 et seq.. 
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c o n d i t i o n of those a t S i l c h e s t e r , they would have presented 
i d e n t i c a l l y the same appearance. Not only that, they agree 
almost to an i n c h i n dimensions. I f , t h e r e f o r e , such a c l o s e 
l i k e n e s s i s to be r e l i e d upon, i t may with reason be con-
s i d e r e d that the furnaces a t S i l c h e s t e r and those i n the 
house i n Pompeii were b u i l t f o r the same purpose", that i s , 
fo r dyeing. 
T h i s evidence i s a l t o g e t h e r too s l e n d e r . Boon points 
o u t ( i ) that the "dyer's fur n a c e s " could have provided hot 
water f o r brewing, and that the b u i l d i n g c o n t a i n i n g the 
furnaces resembles a v i l l a a t Roncinnes (Belgium) which i s 
thought ( 2 ) to have been used as. a brewery. A l t e r n a t i v e l y , as 
Boon h i m s e l f suggests, the furnaces may j u s t have been the 
hearths of ordinary baking ovens. 
The l a t t e r suggestion, i n f a c t , i s supported by Fox's 
own r e p o r t where (page ^59) he r e v e a l s that a number of 
querns were dug up on the s i t e , l e a d i n g him .at f i r s t to think 
that bakeries were involved and that the c i r c u l a r h earths 
were those of ovens. What i s even more d i f f i c u l t to under-
stand i s that Fox a l s o mentions (page 460) the d i s c o v e r y 
"of s e v e r a l cakes of m e t a l l i c substance i n I n s u l a e I X and X I " , 
but f o r some i n e x p l i c a b l e reason he does -not appear to have 
had these examined before i s s u i n g h i s r e p o r t ( 3 ) One i s 
th e r e f o r e forced to the c o n c l u s i o n t h a t the S i l c h e s t e r dye-
works i s not proven, which means th a t , so f a r , we have no 
c e r t a i n evidence of a Romano-British dyer's establishment. 
(1 ) G.C. Boon, "Roman S i l c h e s t e r " , 193, (London, 1957) , 
quoting a suggestion made to him by Dr. Applebaum. 
(2 ) Annales de l a Soc. Arch, de Namur, XXI, 198. 
(3 ) I t seems 'hardly l i k e l y that these were the specimens 
analysed by W. Gowland i n 1900 (Gowland, "Remains of a 
Roman S i l v e r R e f i n e r y a t S i l c h e s t e r " , Arch., 1900, L V I I , 
3 1 3 ) , because although the f i n d - y e a r , 189^, i s the same, 
Gowland says that Fox and Hope gave him "fragments of 
r e f r a c t o r y m a t e r i a l found i n 189^", whereas Fox speaks of 
"cakes of m e t a l l i c substance". 
(^) T h i s observation i n no way impugns the honesty of Fox as an 
excavator. He has a t l e a s t s t a t e d a l l the evidence, but 
h i s keenness to f i n d an I t a l i a n p a r a l l e l f o r h i s d i s c o v e r y 
apparently tempted him to r e j e c t out of hand a l t e r n a t i v e 
and (on the evidence) e q u a l l y probable e x p l a n a t i o n s . 
\ 
• 
F i g . 1 2 7 . ( l / 5 ) 
V 
Fig.1 2 8 
118 
WOODWORKING 
F i g . 127 shows a group of Romano-British carpenter's 
t o o l s i n the G u i l d h a l l Museum, London. From l e f t to r i g h t 
we have: a saw, an axe and hammer combined; - two boring . 
b i t s w ith squared ends f o r g r i p p i n g i n a brace; a c h i s e l ; 
a whetstone; a kind of gimlet; a modelling t o o l ; a mason's 
c h i s e l arid a branding-iron f o r marking CVC on wood. 
F i g . 128 i s a carpenter's plane from S i l c h e s t e r . Two 
adzes, some c h i s e l s and gouges, and a nicked f i l e f o r saw-
sharpening, a l l from S i l c h e s t e r , (1) are i l l u s t r a t e d i n Fig.129 
At f i r s t s i g h t . t h e s e t o o l s look remarkably modem, p a r t i c u l a r l y 
the plane which could almost be a copy of a modern a l l - m e t a l 
j a c k plane. ( 2 ) T h i s modern appearance, however, i s not 
a s t o n i s h i n g when i t i s remembered t h a t we are c o n s i d e r i n g 
hand implements which have been made and.used from time 
immemorial. There i s obviously a l i m i t to the e v o l u t i o n of 
an implement as f a r as s u i t a b i l i t y of shape f o r purpose i s 
concerned, and by the time of the Romans, hand t o o l s must 
have a t t a i n e d something l i k e p e r f e c t i o n of form. I n appearance 
th e r e f o r e , Roman c h i s e l s , planes and the l i k e might be expected 
to resemble . t h e i r modern s u c c e s s o r s ; the only scope f o r 
improvement i n the i n t e r v e n i n g years has been i n the q u a l i t y 
of the m a t e r i a l s used to make the t o o l s : f o r example, 
tempered s t e e l blades i n s t e a d of the wrought i r o n which was 
the best metal a v a i l a b l e i n Roman times. 
At l e a s t two Roman ladders are on record, both found i n 
w e l l s and both remarkable i n having t h e i r rungs spaced r a t h e r 
more widely than would be considered correct, today. One 
found a t S i l c h e s t e r i n 1900 had rungs Ik inches apart, ( 3 ) 
and the other from the C i t y of London 00 had rungs spaced 
a t 20 i n c h e s . The London ladder was 15 f t . long, but the 
S i l c h e s t e r specimen had been broken, apparently when the w e l i 
had f a l l e n i n , and only the buried length was found. From 
the depth of the w e l l , the ladder could have been 2k f t . long. 
The s i d e s were of f i r and the rungs of oak; t h i s may be an 
i n s t a n c e of c a r e f u l c h o i c e : f i r f o r i t s long, s t r a i g h t g r a i n , 
and oak f o r i t s hard wearing p r o p e r t i e s . The oaken rungs were 
1 i n c h t h i c k and 2 inches deep, p r o j e c t i n g 2 inches beyond 
the s i d e s where they were secured by wooden wedges. The 
London ladder was e n t i r e l y of oak. These ladders are 
s u b s t a n t i a l reminders of Romano-British woodwork, but i n the 
(1) Arch., LIV, 139. " 
( 2 ; A c t u a l l y , the S i l c h e s t e r plane i s only of wood c l a d with 
metal. 
(3) Arch., 1.901, L V I I , Zkk. 
(k) J.R.S., 1955, LV, 138-9 . 
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main we have only v e s t i g e s remaining, f o r example, a t 
Verulamium some evidence of oak plank f l o o r i n g was found 
i n 1 9 6 0 , ( 1 ) and sockets f o r she l f • b r a c k e t s , w i t h t r a c e s of 
s h e l v i n g were found i n the c e l l a r of a shop i n 1930. ( 2 ) . 
At L u l l i n g s t o n e i n Kent the imprint i n mortar, of the timbers 
of a s t a i r c a s e was observed. ( 3 ) 
Three bronze f o o t - r u l e s have been found. The f i r s t 
came from Ca e r l e o n ( ^ ) and i s i l l u s t r a t e d i n F i g . 130 . i n 
common with the others i t i s hinged to f o l d . I t has a s t a y 
at the back, t u r n i n g on a piv o t and engaging w i t h two studs 
( j u s t v i s i b l e on the drawing) on the opposite limb, to keep v the r u l e r i g i d when opened. Another 'regula' was found at 
Warrington, and as desc r i b e d by May(5) i t seems to have been 
ve r y s i m i l a r to the Caerleon r u l e , w ith the same p i v o t i n g 
l a t c h on one limb to s l i p under the heads of two studs on 
the other. Graduations, however, were v i s i b l e on the 
Warrington r u l e : s l i g h t i n d e n t a t i o n s f o r the inches, with 
a double mark f o r the qu a r t e r foot. The t h i r d specimen, of 
which only one limb remained., came from S i l c h e s t e r ; (6 ) three 
of the faces of the limb were graduated, one i n 'unciae' 
( t w e l f t h s of a Roman f o o t ) , the second i n ' d i g i t i ' ( s i x t e e n t h s ) , 
and the t h i r d i n q u a r t e r s of a foot, 'palmi 1. 
The t u r n i n g of wood on a l a t h e , or i t s e q u i v a l e n t , i s 
a process of con s i d e r a b l e a n t i q u i t y , even i n B r i t a i n where 
Glastonbury has y i e l d e d a massive lathe-turned wheel-hub of 
oak, some 8 inches i n diameter and over"12 inches long. ( 7 ) 
Wood turning, n a t u r a l l y , was p r a c t i s e d i n Roman B r i t a i n , as 
shown by the leg s of the couch or bed on V i c t o r the Moor's 
tombstone ( F i g . 8,9 , opposite page 94 ) , and by the base 
of the tankard depicted i n Fig.117 opposite page 110 • 
Spades, shovels and s c r a p e r s were made of wood, 
r e i n f o r c e d with i r o n only a t the edges. As there was no 
s c a r c i t y of i r o n i n B r i t a i n t h i s p r a c t i c e was probably due 
(1) J.R.S., 1961, L I , 180. 
(2) J.R.S., 1931, XXI, 228, P l a t e X V I I I . 
(3} J.R.S., 1951, X L I , 137; P l a t e X I . 
(k) Arch. J o u r * i .1851, V I I I , l 6 0 . 
(5) Thomas May, "Warrington's Roman Remains", 80, (Warrington, 
1 9 0 4 ) . 
(6) G.C. Boon, "Roman S i l c h e s t e r " , 196, (London, 1 9 5 7 ) . 
(7 ) Arthur B u l l e i d & H. S t . George Gray, "The Glastonbury Lake 
V i l l a g e " , V o l . 1, 336, (Glastonbury A n t i q u a r i a n S o c i e t y , 
1 9 1 1 ) . 
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to the d i f f i c u l t y of making metal blades s t i f f enough to 
withstand the leverage a p p l i e d i n normal use. 
Another and probably much l e s s e x t e n s i v e use of.wood 
was f o r w r i t i n g - t a b l e t s . These wooden t a b l e t s (see P i g . 131 1 
G u i l d h a l l Museum) were coated w i t h wax f o r w r i t i n g upon with 
a pointed s t y l u s . I n the top r i g h t of F i g . 131 are two metal 
s t y l i and one of bone; the blunt end i n each case may have 
been f o r rubbing out. To the l e f t of F i g . 131 i s a baked 
c l a y i n k w e l l , and below i t , one of bronze. The pen between 
the two i n k w e l l s , f o r w r i t i n g on papyrus or parchment, i s 
spoon-shaped a t one end f o r s t i r r i n g the ink. There are 
examples of d i r e c t w r i t i n g i n i n k on wood, as opposed to 
s c r a t c h i n g a waxed wooden t a b l e t , and two specimens of t h i s 
procedure have r e c e n t l y come to l i g h t . One ( F i g . 132 ) was 
found a t a depth of 25 f t . i n the w e l l of a Roman v i l l a a t 
Chew Stoke i n Somerset; the wood has b e e n . i d e n t i f i e d as 
l a r c h , not g e n e r a l l y thought to have been indigenous i n 
B r i t a i n i n Roman times. What i s l e f t of t h i s t a b l e t 
measures 6 .6 by 2 i n c h e s ; another ' l e a f found a t the same 
time was of s i l v e r f i r , measuring 6 .5 by 3 « 8 inches, but i t 
bore no w r i t i n g . (1) The second example ( F i g , 133 ) was pieced 
together from seventeen pi e c e s of wood found i n a timber-
l i n e d p i t i n Queen S t r e e t , i n the C i t y of London. The 
assembled p i e c e s corresponded to a long, t h i n s t r i p about 
10.75 by 2 inches. ( 2 ) 
I n t e r e s t i n g s u r v i v a l s of wood, evidence of the t r e e s 
e x i s t i n g i n Roman B r i t a i n , are f i r s t , the contents of the 
w e l l of a v i l l a a t Langton, Y o r k s h i r e , which included a l d e r , 
ash, cherry, sweet chestnut, e l d e r , oak, sycamore, willow, 
heather, h a z e l nuts and walnuts, ( 3 ) and second, an excavation 
at Brough-by-Bainbridge which showed that the e a r l y rampart 
incorporated a l a c i n g course of b i r c h branches. (<0 
(1) E r i c G. Turner, "A Roman Wr i t i n g T a b l e t from Somerset", 
J.R.S., 1956, XLVI, 115. 
(2 ) E r i c G. Turner & Otto Skutsch, "A Roman Writ i n g T a b l e t 
from London", J.R.S., 1960, L, 108. 
(3 ) J.R.S., 1932, X X I I , 203; with these specimens was found a 
c o i n of Constantine I , A.D. 335-7 . 
(k) J.R.S., 1952, X L I I , 91 and P l a t e X I . 
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APPENDIX I . 
Some Notes on T e r r a S i g i l l a t a 
D e s ignation 
By long, usage, the term 'Samian'. has come to mean 
any red - g l o s s ware found i n Europe, whether from the 
i s l a n d of Samds or not. True Samian ware, R . J . C h a r l e s t o n 
s a y s , ( l ) " i s d i s t i n g u i s h e d by a cinnamon-coloured or 
p i n k i s h - y e l l o w body f u l l of p a r t i c l e s of mica, and by an 
orange-red g l o s s , which absorbs water". I t has been found, 
on s i t e s i n Greece, South R u s s i a , S y r i a , P a l e s t i n e , and 
p l e n t i f u l l y on Samos i t s e l f . 
Much s o - c a l l e d Samian ware has been decorated with 
f i g u r e s i n r e l i e f e i t h e r by shaping the p i e c e s i n s i d e 
f i r e d bowl-shaped c l a y moulds bearing the design i n 
i n t a g l i o , or by applying p r e v i o u s l y moulded designs or 
f i g u r e s to the ware. The nature of the de c o r a t i o n -
f i g u r e s i n cameo or r e l i e f - has i e d C o n t i n e n t a l w r i t e r s 
to use the term 'Terra S i g i l l a t a ' , 'figured c l a y 1 , to 
denote t h i s type of ware. T h i s d e s c r i p t i o n i s p r e f e r a b l e 
to 'Samian 1, because i n the v a s t m a j o r i t y of examples the 
ware has been made i n I t a l y or i n one of the western Roman 
provinces, but i f taken l i t e r a l l y i t excludes - as Oswald 
and Pryce point out(2) - re d - g l o s s ware which i s 
P l a i n 
Decorated 'en b a r b o t i n e 1 ( i . e . 
by t r a i l e d s l i p ) 
R ouletted 
I n c i s e d 
Painted with a p a t t e r n . 
Perhaps the s a f e s t d esignation, and one having the 
widest a p p l i c a t i o n , would be "red-gloss ware", provided 
that the g l o s s or l u s t r e has been produced i n the manner 
described below; "red-glazed ware" would be 
1. R.J. Charleston, "Roman Pottery", (London, 1955). 
•2. F e l i x Oswald & T. Davies Pryce, "An I n t r o d u c t i o n to 
the Study of T e r r a S i g i l l a t a " , (London, 1920 ) . 
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i n a d m i s s i b l e because the uniquely luminous s u r f a c e i s not 
due to a glaze, i n the s t r i c t l y ceramic sense of the word* 
Nature of the l u s t r e 
By "red-gloss ware" (or T e r r a S i g i l l a t a " , i f the term 
i s a p p l i e d to cover not only f i g u r e d ware but the Oswald and 
Pryee v a r i a n t s mentioned e a r l i e r ) i s meant antique p o t t e r y of 
Greek or Roman o r i g i n which i s d i s t i n g u i s h e d by a p a r t i c u l a r l y 
b e a u t i f u l l u s t r e and a red-brown c o l o u r . A r c h a e o l o g i s t s have 
long been i n t e r e s t e d i n a s c e r t a i n i n g how t h i s s u r f a c e e f f e c t 
was produced; i t could not be a glaze, or an engobe (a 
s i n t e r e d c o a t i n g of mixed m i n e r a l s ) because the t h i c k n e s s of 
the red-gloss ' s k i n ' - 5 to 15 microns, i n most of the measured 
specimens - i s much l e s s than that of g l a z e s or engobes. I n 
older l i t e r a t u r e there was s p e c u l a t i o n about a v a r n i s h or a 
laquer, or even a g l a s s coating, and i t i s only i n the l a s t 
25 years or so that the problem has been properly attacked from 
the ceramic s i d e and solved, c h i e f l y by German workers. 
The f i r s t fundamental approach was by C. Neumann(i) who 
suggested that the g l o s s was the r e s u l t of applying c l a y 
washings to provide a glaze-forming f l u x , but subsequent i n -
v e s t i g a t o r s f a i l e d to reproduce the s u r f a c e l u s t r e d e s p i t e 
the use of a l a r g e v a r i e t y of c l a y s . E v e n t u a l l y T. Schumann^) 
showed that the r e q u i r e d e f f e c t could be obtained by applying 
c l a y suspensions, provided that only p a r t i c l e s s m a l l e r than 
1 micron are used. H i s method was to s t i r up a clay/water 
mixture, add a suspending agent (ammonia, a l k a l i , e t c . ) , a l l o w 
the c o a r s e r p a r t i c l e s to s e t t l e , and then use only the super-
natant l i q u i d , c o n t a i n i n g the f i n e s t p a r t i c l e s , a t a pre-
determined s p e c i f i c g r a v i t y of about 1 . 1 . I f i n t h i s procedure 
a ferruginous c l a y i s used, thus g i v i n g f e r r i c oxide when 
f i r e d i n an o x i d i s i n g atmosphere, the r e s u l t i s the r e d - g l o s s 
of the Roman T e r r a S i g i l l a t a . 
I n 1953 O b e r l i e s and Koppen ( 3 ) . .employing both the ordinary 
and the e l e c t r o n m i c r o s c o p e s , and X-ray d i f f r a c t i o n methods, 
examined fragments of Greek and Roman l u s t r e ware. They con-
firmed Schumann's f i n d i n g s , and they were able to reproduce 
the r e d - g l o s s themselves by applying a wash of very f i n e c l a y 
p a r t i c l e s to laboratory-made ware, • They demonstrated t h a t 
the l u s t r e i s due to r e f l e c t i o n of l i g h t from u l t r a - f i n e , 
(1) C. Neumann, Sp r e c h s a a l f u r G l a s , Keramik, Ema i l , 1932 
page 253. 
(2 ) T. Schumann, B e r i c h t e der Deutschen Keramischen 
G e s e l l s c h a f t , 19^2, 23_, 108-126. 
( 3 ) F. O b e r l i e s & N.Koppen, B e r i c h t e der Deutschen Keramischen 
Gesellschaft, 1953, 3J>. 102-110. 
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lamina-shaped c l a y p a r t i c l e s . Some of t h e i r e l e c t r o n 
micrographs are reproduced i n F i g . 134 which shows that 
the lamina-shaped c l a y minerals impart a s u r f a c e t e x t u r e 
which, to the e l e c t r o n microscope, i s rough although to 
the naked eye i t appears e x c e p t i o n a l l y smooth and luminous. 
Reading from top to bottom i n F i g . 134 the wares represented 
are A r r e t i n e , South G a u l i s h , and E a s t G a u l i s h ; these 
micrographs show a pr o g r e s s i v e change i n appearance, a r i s i n g 
from d i f f e r e n c e s between the l o c a l c l a y s employed. O b e r l i e s . 
and Koppen s t r e s s the f a c t t h at a l l smooth s i n t e r e d s u r f a c e s 
show a marked decrease i n l u s t r e ('smooth' i n t h i s context 
-means as viewed by the e l e c t r o n microscope* 
P a r t i c u l a r l y i n t e r e s t i n g i s F i g . 1 3 5 i a l s o taken, from 
O b e r l i e s and Kdppen's paper; t h i s d e p i c t s a c r a c k i n the 
su r f a c e l a y e r of a Gr e c i a n vase, a region, where i n the 
course of time the e x c e p t i o n a l l y t h i n g l o s s y s k i n has s p l i t 
open, r e v e a l i n g the much more coarsely-formed body underneath. 
The extreme thinness of the l u s t r e of red-gloss ware i s 
i l l u s t r a t e d by Fig.1 3 6which i s a s e c t i o n through the s u r f a c e 
of a Roman vase fragment. Here the g l o s s y s k i n , represented 
by the upper dark l a y e r , i s only about 20 microns t h i c k . 
The e l e c t r o n micrographs i n F i g s . 134*135 » a n d 136 
are s l i g h t l y reduced as compared w i t h the o r i g i n a l s i n 
O b e r l i e s and Koppen's paper, and as reproduced here the 
corresponding m a g n i f i c a t i o n s are approximately x k,k00, 
x 6,800 and x 150. 
O b e r l i e s and Koppen concluded that suspensions made 
from c l a y s of the i l l i t e and k a o l i n i t e type gave the h i g h e s t 
g l o s s . 
Many Greek painted vases have g l o s s y b l a c k p a i n t i n g on 
a red-gloss body, i . e . , b l a c k - g l o s s and red- g l o s s l u s t r e s can 
appear on the same vas e . O b e r l i e s and Koppen, believe that the 
Greeks painted the black decoration t h i c k l y , and f i r e d the 
ware f i r s t under reducing conditions., g i v i n g an a l l - b l a c k 
body, and then completed the f i r i n g under o x i d i s i n g c o n d i t i o n s . 
At f i r s t , t h e r e f o r e , the i r o n oxide was reduced to bl a c k 
Fe3 04, and subsequently, i n the o x i d i s i n g f i r e , i t was 
r e - o x i d i s e d to Fe2 O3 but only where the c o a t i n g was t h i n . 
The- t h i c k painted d e c o r a t i o n remained b l a c k because i t was 
r e l a t i v e l y impervious to the oxygen a v a i l a b l e i n the second 
( o x i d i s i n g ) stage of the f i r i n g . I n t h i s way the Greeks 
obtained i r o n i n two s t a t e s of oxidation, and the r e f o r e i n 
two c o l o u r s , on the same vase. 
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C l a s s i f i c a t i o n of Forms 
The numerous shapes or 1 forms' of T e r r a S i g i l l a t a have 
been l i s t e d . The f i r s t s y s tematic study was made by Hans 
Dragendorff. W. Ludowici followed w i t h a study of Rheinzabern 
S i g i l l a t a , p o t t e r s ' stamps and po t t e r y of the Hadrian-Antonine 
period; Joseph Dechelette d e a l t with G a u l i s h pottery, and 
H.B. Walters made a val u a b l e compilation of forms i n the 
B r i t i s h Museum. These four a u t h o r i t i e s are regarded as the 
p r i n c i p a l c l a s s i f i e r s of T e r r a S i g i l l a t a , and t h e i r works a r e s -
Hans Dragendorff, "Terra S i g i l l a t a " , Bonner Jahrbucher, 
XCVI, 18-155i and XCVII 5^-163 (Bonn 1895-6) 
Hans Dragendorff, (ed. C. Watzinger) 
" A r r e t i n i s c h e R e l i e f k e r a m i k " , (Reutlingen, 1948). 
W. Ludowici, (Munich, 1901-12): 
i . "Stempelnamen rom. T5pfer von meinen 
Ausgrabungen i n Rheinzabern", 1901-4. 
i i . D i t t o , 1901-5. 
i i i . Urnengraber rom.'Topfer i n Rheinzabern",1905-8. 
i v . "Rom. Zie g e l g r a b e r " , 1908-12. 
J . D e c h e l e t t e , "Les vases ceramiques orn^s de l a Gaule 
romaine," ( P a r i s , 190k). 
H.B.. Walters, "Catalogue of Roman P o t t e r y i n the Department 
of A n t i q u i t i e s i n the B r i t i s h Museum", (London,1908). 
Mention should a l s o be made of an e x c e l l e n t survey 
which i s p a r t i c u l a r l y u s e f u l i n l i n k i n g C o n t i n e n t a l production 
with f i n d s i n B r i t a i n : 
F e l i x Oswald & T. Davies Pryce, "An I n t r o d u c t i o n to the 
Study of T e r r a S i g i l l a t a " , (London, 1920). 
F e l i x Oswald compiled two v a l u a b l e indexes r e l a t i n g to 
Te r r a S i g i l l a t a : 
"Index of P o t t e r s ' Stamps on T e r r a S i g i l l a t a " , 
(The Author, E a s t Bridgford, 193l)• 
"Index of Figure Types on T e r r a S i g i l l a t a , " 
(Univ. of L i v e r p o o l , I n s t , of Archaeology 1936-7)« 
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Appendix I I 
Romano-British R u s t i c Ware 
A type of decorated ware which should be mentioned 
because of i t s remarkably wide d i s t r i b u t i o n (see F i g . 137 ) 
i s the s o - c a l l e d ' R u s t i c ' ware. The decoration, or 
r u s t i c a t i o n , i s a r e l i e f e f f e c t obtained by applying s l i p 
(almost i n v a r i a b l y of the same colour as the body of the ware) 
to the piece when the l a t t e r has reached the l e a t h e r - h a r d stage. 
The s l i p i s a p p l i e d e i t h e r as blobs or as l i n e s which immed-
i a t e l y afterwards are drawn up by the f i n g e r (or a s u i t a b l e 
t o o l ) i n t o points or r i d g e s r e s p e c t i v e l y . No attempt i s made 
to obtain smoothness, and t h e r e f o r e the r e s u l t i s e i t h e r 
rough, pointed blobs or Jagged, ridged l i n e s , g i v i n g a not 
unpleasing appearance a p t l y named ' r u s t i c ' . F i g . 138 shows a 
t y p i c a l specimen,.' >iri the Y o r k s h i r e Museum a t York. 
F.H. Thompson(ij. c l a s s i f i e s t h i s ware i n t o three v a r i e t i e s 
according to the!'"~nature -of, the d e c o r a t i o n : 
Nodular, (pqi-h'ted blobs) 
2. L i n e a r (ridged l i n e s ) 
3- I c e h i a n (oblique, ridged l i n e s confined 
to the shoulder of the pot) 
The term ' I c e n i a n ' was suggested by Prof. D. Atkinson (*0 to 
d e s c r i b e the t h i r d v a r i e t y , which appears to be confined to a 
number of s i t e s i n Norfolk. I c e n i a n ware belongs e s s e n t i a l l y 
to the t h i r d century, and i t followed a gap i n the production 
of the nodular and l i n e a r types which ran from about m i d - f i r s t 
century i n t o the second century. The three types are e a s i l y 
i d e n t i f i e d i n F i g . 139. 
F.H. Thompson suggests(3) that R u s t i c ware sprang from 
the Rhineland by reason of the strong m i l i t a r y connection 
between Roman B r i t a i n and Germany, but R.J. C h a r l e s t o n reminds 
us that "Although probably i n s p i r e d by e a r l y f i r s t - c e n t u r y 
imported wares with a p p l i e d blobs or r i d g e s of c l a y , the 
c h a r a c t e r of these R u s t i c pots i s u t t e r l y d i f f e r e n t . They have 
a spontaneous q u a l i t y which ( t h e i r p r e c i s e shapes a p a r t ) should 
appeal to those who admire the immediacy of e f f e c t and the 
personal touch of some Japanese pottery." CO 
(1) F.H. Thompson, A n t i q s . Jour., 1958, XXXVIII, 15; the 
present account i s based on h i s Appendix, page 24 e t . seq.. 
(2) Norfolk Archaeology, XXVTI, 219. 
(3) Loc. c i t . , page 32. 
(4) R.J. Charleston, "Roman Pottery", 34 (London, 1955). 
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Appendix I I I 
The D i s t r i b u t i o n of Crambeck Ware. 
There are seven types of Crambeck ware which occur i n 
deposits l a t e r than the P i c t s War of A.D. 367; t h i s f a c t , 
coupled with the l a c k of l a t e coin-evidence from many s i t e s 
i n northern England, makes the d i s t r i b u t i o n of Crambeck ware 
a v a l u a b l e guide to chronology. Below i s given the key to 
the d i s t r i b u t i o n map of F i g . 47 . For complete d e t a i l s , of 
course, r e f e r e n c e must be made to the o r i g i n a l p a p e r . ( l ) 
1. Ambleside. 20. Housesteads. 2. Bainbridge. 21. H u n t c l i f f . 
3. Benwe11. 22. I l k l e y . 
k. B i n c h e s t e r . 23. L a n c a s t e r . 
5. Birdoswald. 2^. Langton V i l l a . 6. Braneaster. 25. Long Whins. 
7- Brough on Humber. 26. Malton. 8. Brough'under Stainmore. 27. Manchester. 
9. Brougham. - 28. Maryport• 
10. Cawood. 29. P a p c a s t l e . 11. Chapel House.. 30. P o l t r o s s Burn. 
12. Chesterholm. 31. •Rudchester. 
13. C h e s t e r s . 32. Scarborough. 
lh. Corstopitum. 33- South S h i e l d s . 
15. E b c h e s t e r . 3h. Throlam. 16. Ehenside Tarn. 35. Tower Tye, 
17. E l s l a c k . 36. T r a p r a i n Law. 18. F i l e y . 37. Watercrook. 
19. Goldsborough. 38. York. 
( I ) "A P a i r of Fourth-century Romano-British P o t t e r y K i l n s 
near Crambeck ( P h i l i p Corder), with a note on the 
D i s t r i b u t i o n of Crambeck Ware (Margaret B i r l e y ) " , 
A n t i q s . Jour., 1937. XVTI, 392. 
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